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SU1~i.-PYt FINIOINO ND) PkAX)?hM.NTIONS

1. tnder present arrangements the number of large scale trans-

portation routing. problems arising out of SPCC redistribution actions is

relatively small. A sample Indicates that less than five percent of these

problems arc of sufficient size and complexity to merit cophisticated cox-

putational truntment. For these purposes a problem was considered to be

sizable if it involved no lest. than seven activities, no leer than thme

consignees and no less than tAhre, consignors.

2. However, it is possible to effect worthwhile savings in trans-

portation outlay on these largur redirtribution problems. Even approximstive

techniquor which involve no morei complex calculations than the present rules

can save about two percent on transportation mileafgo in the average redistri-

bution problem* This is a rul' tively samll figure but considering the large

annual outlay on redistribution tranrportation cost the absolute dollar

saving is likely to be considerable.'

3. ?bst of our calcultions wore based on F1raightforvard milega

tables rather than trtnerortation cost tables or the proximity tables cur-

rently in use by SPCC.

a. Transportation cost fir.ums wurn not. cmploycd because

they arc not available in ri Porm which Is directly urable. It would be

impracticablo to atitmpt to construct oni computc; with E i cparato cost

table for each of tht mrany thousa.nda of items hitndltd, and ro it would be

necessary to use a classification of itcmr into a small nuMbor of classes

of similar weight and bulk with transportation costs being given for eash

such class. These data arc not availtble at preosnt.

bo The proximity tables were not eapleyed because, by

dessipg they are elither a pun index of geographic preximity, nor an

Indicator of actual transportation costs. Rathtr they represunt a
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emtodinant of the traditional practices and rules of thumb which have boom

developed at WW.

4. ,s explained in the body of this report, transportation

problems which "degencrate" permit reducticns in the number of shipments

requirvd by a redirtribution, and therefore Allow savings in fixed sharges.

Howevcrp at SPOC the number of problckma which happen to be deganerate without

any adjustment in. 'amass and requirnment figumrs a, u:ms to be small. In a

sample of problems specially selectod as likely to involve degeneraey, lose

than one in seven turned out to be usefully degeonrate and aneo of them

permitted any substantial reduction in number of shipmontce. Morsover,

because the computation is usually difficult and time consuming, searching

for degenercy is not a practical wthod for dealing with fixed charges.

5e ,*. degbneracy fonoing computing procodure was therofore devel-

oped to deal with the fixed charges problem. The purpose of the procedure

Is to introdce'c artificial dcgeneracy into the probl,•ms in order to effect

an overall reduction in the number of lino items rcdistributod (the number

of individu.l shipments made) This "should roduce overall fixed charges--

the administrative, clerical hn-I delay costs which arise out of an incriacs

in the number of shipments but which arm una.fftcted by the sie of any

individual shipment* The computing procedure is flexible and can readily

change the weight it gives to fixed charges relative to transportation

costs ip its calculations. Clearly, the extcnt to which fixed charges

should be permitted to affect the final solution doepndt on the magnitude

of these costs. i.s yut we have not been supplid with definitive figures

on their sies. In an extremely conservativu experim-ntal computatiom the

comrutational nethad reduced the number of shipmnts by 9 percent foe an

average problem and rt the same time changed transportation mil•ap

negligibly from its optimal levell
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6e We believe that there is a possibility that far greater

avinrs in both transportatinn costa and fixed charges can be obtained In

the long run by a variety of other more fundtmuntal approaches, including

the following' po sibilities each of which merits careful analytical

investigations

a. J. vwel defined policy which distinguishes butwaun an

optimal mi.ni, m ii,;-.ntory lcvfl bolow which an activity is declared to be

In a requircmunt position and an optimal mwximum invtntory level beyond

V*.ich the activity is considered to have an #xcoss. On ly in this way can

the syrtem be prevented from shipping goods in response to thc slightest

demand chan@e and thus keeping a substantial proportion of the Navy's

inventory "travelling about the countrv in boxcars," (Substantial thceretical

work on this sort of invvntory policy in a fixed charges situation has beo

done nt Princeton by n. Orr in tUrms of the theory of random walks.)

b. In tlkt long run,, substantial savings can be expected

from a dvnamec analysis which takcs account of thu ftudback properties

of the system--the interrelation of demand patterns, redistribution ship-

mmnt and present and future inventory levcls. Failure to take these

complex relationships into account will rmsult in failure to adjust to

foreseeable future requir:munts, znd pirhaps t'i7n more important, it is

likely to produce artificially induced and unnecessary excesres a nd reqtire.

ments in the future.

7, We therefore recommends

a. That, at t-art on a trial basis, SpcC Install the forced

degeneracy approximative transportation algorithm (as based on the SK.IC

method) as part of its redistribution Oalculation is soon as possible.

During the trial period its results should be watched car.fully by the
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clerical staff and by Llderson issociates, but Interference with its operation

should be kept at a minimum,

be The cost figures to be used as a basis for the Salclatif'

should be a straightforward distance ordering of all activity pairs*

modifiod by any appropricte considerations which are now rmfleoted in the

proxmity table*

a* Further nforW w tion-gathering offorts under the sponsor-

ship of BIW.Ns. should btK designud explicitly in trms of the sevoral

mathematical models ant algorithas which h.ve buen designed under its

research program. In this way it is likely that much more explicit infor.

mation eari be obtained on the valuoe of tho parameters which must be

Wnowm for most effective use of the models.

do. Reeearch on the tronsportation and redistribution

problem shoul.c be continued, Howevtr it should begin at a more funda-

mental nalytical level than the prevent study and it should proceed

along the lines indicated wnder item 6 above*
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I. kenIfment

In July of 1959 Alderson Associates, Inc. was autherised to

proceed on a research project for the •]•reau of Supplies and Accounts of

the United States Navy. The project was given the title "Modified LUnew

Pror.ramming." Specificat, ions for the project as prepared by the Dureau

read in part as followso

"This project task. is directed tow.-rd development of more off1-

ciont rules for th. distribution And rdistribution of matcrial in the

Navy supply system, through modification of the techniquos of linear pro-

grasmking to represent adequately and minimize the total costs of alternative

allocation and redistribution decision pattt.rns for Navy materipl. In par-

ticular, t.he project seeks to discover feasihle and workable approximating

rules for distribution decisions wivre .t fix.d cost of shipment is postulated

for each 'channel' in Addition to thec cuntomary vari.blQ cost.f linear with

respect to quantity. The techniqu,. of intL:ger prorrAmming and several other

short-cut methods appear to offer p;romisinp+ ,ppronchs*....

"The problem is bv.in• ex.amined in the context of 'hlps Parts

Control Centcr's prcst i~t sup•plly dtecision and drtn rtportine, structures 30-

odd stodking points r,...portir. individual itum stc,ck transactions daily, with

wev(.kl.,y summarization and rc'vicw on IDA 705 equipment; computation of gross

requirements and net excess-or-required position for each activity and sys-

tem buy-or~no-b~uy position; fixed costs for n shipment approximately the

same for all activities, with linear or piecewise linear variablo costs

based on distance and trasisportation rate data...,



"It is expected that the models will eventually incorporate rough

measures of uncertainty and changos over time in demand patterns. Emphasis

in this project is placed upon usable rules and approximations rather than

precisely minimal decision solutionsev"

In retrospect, this dbscriptien of the project turns out to be

more farsighted than one has a rig•ht to expect of any specifications 'rittea

for a pioneering research project. Thou•,h Alderson Associatcs was prepare4

to modify its approach to the fixed charges transportation problem as the

need arose., the procedurce umployed turned out to match BUSADA's deseroip-

tion alMost exactly and step by step.

Several of tho specifications for the Letudy which are 'stated or

implied by this description require cmphasis.

1. The projoct involves a problem of transportation routing;

2. A distinguishing feature of thu study is that it is to

take into account the fixed charges which arise out of rrdistribution

actions, where these. fixed charges are "approximately the same for all

activities";

3*. Approximativc rmethiods of solution are to be considered as a

means for saving costs and economt zine on the use of crowded computer

facilitits which are likely to preclude the ust, of a full scale progranmAg

computation in light of the vast numbers of such problems handled by the

4avM supply systA..

'. in the current starc of the investigntion, requiruments and

excess figurts for uAch relevant activity (i.e. the amounts to redistributed)

are to be

X/Burvau of Supplies' and Accounts, Ito , ,n .ýVcleemant, Tehnical
Progreus Re-,ort, Uashiagton, D. C. (kVrt dated August bWO 959..



are to be taken as given and the method of their deterlnAtion is not to

be eximinod with a view to 1heir possible modification.

5. However, tho atawdy is to be aismd toward an eventual inCorpor-

at4ea of demand patterns, uncertainty (and, prestimblys the resulting dypMti

structure) which can iony mean that the excess and requireaent figuros will

then# along with the transportation routes, become coentral variables in the

analysis.



I. Th.c Need for Approximative Calculations

Our study indicates that approximativo techniques are iadesd

appropriate for the handling of the problLm as had originally been onvisioed.

However, the reasons turn out to bc somewhat diffc.rent from those anticipatede

The numbor of redistribution calculations in the Navy wpp2ly system

is tremendous, The Ships Parts Control Center alone handles over l50,00o

ithmsp of which some 20-30,000 require review of their stock position about

every thrww weeks. In the average reviewp about 7,000 line items will show

a redistribution action. This profusion of redistribution calculations

suggest.s that a full scale simplex met~hod or network linear programmaing cal-

culation is lik ely to be impractical. Even with a r~latively efficient and

a ypt-fd propram the• amount of time required m-V rapidly add up. A recent

study at one Navy supply installation suggested that na much as forty hous

of computer time per ruview period might bc, required by an ordinary trans-

portation ca'lculation which took into account no complications such as fixed

chargts or uncertainty. Certainly such a computation time. requirement would

be prohibitive considcrinf thu cost of computer time and the malZ. other

problcms compvting for Navy computer facilitivs,

Nevcrtheles,. at one stnov in the course of th, study it seemad

possiblc that practicable non-approximitive ncthod& of solution might be

obtained. Th. Ford-Fulkerson network method of dcalinp with the transporta-

tion problm1/. h's b,-,.n 5bl to %chicvc r,-mxrkablo computntional spcds .rnd

it, wns thought that an ufficient proram might obviate the need for approxi-

mation.

l/See'1. R. Ford and D. R. Fulkerson, "Solving thc Trmaisporation Preblem,'
~g~ement cience, Vol. 3, October, 1956 and (same authors) "A Primal Dual

Iijrithm o-the IWCapacitated Hitchcock Problem,) Naval Research Logistjts
.uarterlg , Vol. 4.P MMcoho 1957.



It is still conceivable that for some of the Navy supply instal-

lations this may prove to b, the case. However, experience at SKC suggests

that it is unlikely. There are two reasons why a full programming calcula-

tion is apt to be impractical.

l. The coMuting equipment c•mployed by the Navy supply system

consists largely of accountWn and businvas-orionted machines rather than

computcrs designed primnrily for scientific research cr•Iculationse. For

cxample, the IBM 705-Mark III usud at NIchanicsburg is a business machine

version of the more flexible 70L. Unfortunately for present purposes the

specialized necounting-oriented computers nrG not well suited for easy and

efficient prorrnnming of problems of the sort under considerntion. This is

not neces•arily n criticism of thL computing machines which the h1avy has

chosun to install. Rrathtr, i sueosts thnt the other nteds of the supply

system have led to the installntion of specialized icquipment which in not

well adapted to fast non-apnroximativc mc.thods of lincar or nonlinear pro-

gramming computation.

2. A second source of tho continuud Lmphasis on approximation is

thu heavy demand on the available computer mtmory space. Of course, the

computers hAvL many twks othcr tbin thc dtt.rminntion of transportAtion

routing. Moreover, many of these other computations constitute integral

parts of the periodic redistribution review. Th. result is that, at least

at SPCC, only a small nuimber of memory locations are aveilable for the re-

distribution routing decision and this effectively precludes even moderately

complex •alculatiens. For practical purposes this rules out arW proseduire

rcquiring substantially more instractions and mere elaborate data pr.ee."i

than the current proximity table approach.



III. Fixed Char.es and their Consequences for Efficiency

In addition to the problem of finding a food approximation tesh-

niquc, a seconds and morp difficult problum is thr-t which arises out of

the presence of fixed chargk.--chnrgus which are Incurred whnrover a rodis-

tribution action is taktn but which do not vary with the nrmount of material

involved in a particular shipmont. A ,rimc exsmpl of this sort of cost

arises from the preparation of some of thL paptrs which Arc required in the

courst of such an action. Thus, if a shipmunt is climinated altogether, the

cost of invoice preparation is avoided. But once a shipmc.nt is undertaken,

the cost of making out the invoice- is not substantially affectcd by a decisie

to send 200 cases rather than 10 ctt s of th, itom.

Inl'ormition on the mignitude of t.huse fixed charges is still rather

limited so it is difficult to rtsr ss thuir importance to the Navy supply

systvm. However, it is clAr that they cnn arise in at least two different

ways:

1. Thvy arise tut of thu. clericnl .1nd administrativc work associ-

atvd with any rhipment. Hnowevtr, it has bkn pointcd out that in the short

run thc t•imination ol' this sort of fixed cost tmoy rcsult in rclatively

little cash saving to ths. Navy. If ont. hour of clhrk time is saved per day

per activity it is very unlikt-ly t1h:-t :nny pcrsonntl reduction will occur.

But, of coursa, in thu lon(- run n sufficient accumulation of ruch spvings

ann lcad to a decrunac in clurical outlays by rLducing the numbbr of clerks

who must be hired as replaccmtnts or additions to i.xisting staff.

2. A second type of fixed cost has been pointud out by the Dunlap

Study. An increase in the number of shipments can result in a slowing down

of commodityr movements. If paperwork is P bottlencck, an additional. reds-

t•ibution action can rbduce thu. speed with which others can be procesoed.
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This rodiuction'in spewd may then be dependcnt on the nuv~er of such actions

rathe~r than on the magnitudu of thec shipmenta involved* Consumer waiting

time may, therefore, very well be A fixed charge. The information available

on this typa of f ixed chatic'gm is As yet very skechyC and i t certainly meiits

furthur invostigat~ion.V/

If fixod charges are left out of account of A transporntion

anAlysis, costly MiacalculAtions aro likeky to arisc for the following

reasonst

1* Use may be mAde of shipping routce which incur fixed costs-

sufficiently large to offset whatever oth%.r advantagua thess. routes may

offers

2. Too many sip.-rntc shipmcnts mn-y bu madce duopite the fact that

cach additionAl shipment adds to thc nuaubur of C ixL-d cost charges. That is#

the prcocnce of~fixvd chargve~ tt~ride to crill for n smaller nuwbcr of (lagrgz)

shipmonts than would oth~rwisi. bi- th~u Cflst..

3. f~mal rind unimportant ahipmflnts mn~y ht; madio bitausc tho'ir

variablck coot alon't. is liku-ly to bo insirnificant, d spite thu fAct that

thL~y mtky 'not bo. wortli thu fixtvd cost which they incur&

1/Tho distinction butwvtn th6; two typun, of fixed cost's m-Ay havc one im-
portant corhstiquL neve Pnapvrwork proc.durve nr(. frirly 'similmr throuehout
tJht: activitics of SPCC and ruiy otht~r 1SLCP or cq. j'nwnt of thv supply system*
As a rusult thcso fixed chArgps are liktly to bv npprr'ximatcly similar at
all act iviitieuaa wt; arc. currontly. assumine, 1ow.vvurp thei crowding of
clericAl facilities is liktly to diffur from activity to activity (although
this is e'pt to be a non-optimal situation; if thosc. differences are por-
sisttfit, prow~sion to chAngu thum should, pt.rhapa, beiiad) If. crowding
differs# tho dolity fined costs xi well very from activity to aotivity..



Thc stamdard trAnsportAtion cnlculation of linear progrumune

takes no aocount of thios fixed cocts and e'n. therefore, rusult in serious

errors of thQ sort just listv-. That is why our w~jor rosearch objeetive

has beon th& deve4oMent of A modificntion -of tOh tran•p•rtation oalculatiem

which takcs thus- fix.4 costs into account.
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IV. The Fixed Cost Transportation Problem: Mathematical ?4del

Let us turn now to a description of the basic mathematical model

which was mployed in this study. It will be noted that it differs from

the standard transportation model in two respects. Pirst, it explisitly

includes both procurement and disposal processes as well as ordinary ship-

ments over the available routes. However, this makes very little ditfferense

to the mathematical structure since procurement simply involves the addi-

tion of one (or several) ficticious "activities* which are always in a

sufficient e*ess position to constitute a possible source for activities

with deficits. Disposal can be handled simlarly.

A seeond special characteristic of the model lies in the struo-

ture of its coefficients which reflect the nature of the fixed charge by

the following standard device. The costs are divided into two parts,

K and CX, where K is the fixed charge, C is the (variable) cost per unit

htippedj, and X is the amount shipped.

But K is not a constant. Rather, it can take either of two

v4ues, If I - 0 (nothing shipped over the particular route) then X also

becomes sero (the fixed charge disappears.) However If any amount,, howe

small is shipped (I > M) then K takes its fixed valuep for which we use

the symbol K*.

The model employs the following notation.

'We let Xipj be the quantity of commodity X redistributed from

activity i to activity 3 (I - 1,2, .D., N, j * 1,02 #so# N)

where "aotivity' N-1 ins afictitiow procurement
activity (a supplier of gods) and , is a fictit'ios disposal
"+acv~ity (a receiver of goods).



also lot

Sbe the excess stock of X (positive or negative) at activit# 3,

where this is either a given constant or a random
variable with known distribution.

*•,, Ci,3 Xio be the total cost of redistributing Xi,

*here i

C111o is presumbly a fixed conetant,

Kij -Kjij> (a constant) If XJ~J >

and

XI,. - 0 otherwise.

Using this notation, the problem may be formulated as foSlow.ei

The objective is to sinimise the rodistribution cost of coumodity X1 i.e., to

Subject to
%I q e u -12, so*# 3-2

(No activity ships eut more than its excess stock)

and

I/(No activity receives less than its requirement)

and where all - XN, 0

(No shipmnts into the "protur•mwt activity" or out of the
"disposal activity")

and all Xi~j 0~

'/1n the ordinary transportation problem the inequalities are replased
by equatione which in fact was done throughout most of the oacputatiome. The
Inequalities appear here to permit choice between procuramt and redsltri-
bution or redistribution and •isposal (.g. onot all of an activlty's srplaus
will be shipped If It i beaer to supply a, reqirm ent ot sm other
* acvity by purchase), Actually, th•se inequalities gause no serious
oeeautaft~aal
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Here we define

S. i if > o

0 othcrwise

E if E < aE*m

0 otherwise

i.e. activity i is (by definition) a shiprine activity only if it has

a positive t•xcess (0i O) 6ad nctivity 3 is n rceivimn activity only if

it has a negative excess, i.e., a requirement (B3 < 0).

Thcre rcmnins only onc detail to be specified in the descriptiop

of this model. The constants which arisu in procurement ,•nd disposal cost

structures -trL. somewhat diffyrent from tiosc, of the other processes. As

compared to an rct of rcdistrilution, the procurement of n unit of commodity

X involvc.s , unit. nddition tn the overnll invwntnry held by the system.,
'Thcrefore, t1is purcl-; will rs.sult in n raddition to future carrying cost

of thw system. Thes..; enrryinf, custU must bt. discounted (at the ,•ppropriate

discount rato, D) and adoed to o'.t.!'in th,.ir pres,.nt valuc. By th& usual

discount formula, then, if S ij tht. unit carrying cost of X per unit of
time. this bveomc S + DS +.,'I2!+ S/l-D, m.y then specify the coSta

of procurement and (simil-rly) those of dispos.1l morc closely as follows$

"". +' j -3

,'hert P3 is the unit cost of procurement (including transportatioa,
etc.s) for ,ctivity J t

Sp is thc ýnit carrying, cost (pur unit of time).vW
D~is the discount rate.

Similarly, the cost of disposal is given by

w1ore Vi is thu unit return from disposal,

This, then, is the b•asic modol. It will plty m essentil role

in the derivation of' a crucinl th.vorem later in this report.

" ~11



V. Com•utational Problems Reaultigg from Fixed Cests

The fixed cost coefficients Ki1 j in the preceding model ma a~Pear

innocuous enough, However they can lead to most .O-erou computational and

analytical difficulties. They transform the transportation model from an

ordinary linear projzmmrinp problem into a nonlinear problem, and, indeed,

a nonlinear problem of a partinularly intrnctable variety. To explain the

nature of the difficulty it is necessary first to digressa into a discussion

of nonlinear progruminp.

In a nonlinear program the slgebtaic expresaions which occur in

either the objective function (the cost relotionship) or in the constraints

or both will involve nonlinear terms. 'Thus, rather than representine, the

cost relationship by a simple linear equation such as X * 3Y + 7Z we use

the more general functional notation total cost, c, f(X,,YZ) which states

s$ipl~y tiat cost is dependent in some unspecified way on the quantities

involved in the three shipments, X, Y and Z. Similar notation Is used for

the constraints, so that the genernl nonlinear pro[ramming problem may be

written in the usual three parts:

i. Objective function:

rinimize c = f(X,Y,2,...)

subject to

ii. constraints:

rJ(Y-P)ZP*'") <" l

g2(X,4Y,Z,...) 2

and

iii. the nonnegativity requirements:

X OR Y of0 Z OR,

12



For. fairl~y obvious reamoas, the rraph of a nonliaoar ob jeotivi

:,unction ciuinot be a plane as in the linear casc, lnetOad soost fNnct1iou

m~ay be hill or valleys 0, of totAlly jirref.,ular shnnes

Sovtor. auch cost relat~ionships (total Cost hSa finCltion Of X&

and. Xb-atho amounts chiipped Pnione, two routnes A aund B)'aro illustrated in

the~ Figureri 1 and 2. Fipure I rq.wflUafltr the "bea.t behaved* type of cost,

;unctijon*

TOTAL

*cog r......

Figure I

For reasons wh-iern a-f dircussed presf. ntlyt such a function m~akes

lifce asitr Tor thc. nroc'ranvir th.,vn it is Ir, the, presenice of othtr types

of noralinez.r cost functionse 7ni~s "btat boliavL.d" ty*pe emn br describeA als

at iAdunithinr~ returni' casc.-the curvaturc of tht surface (its U sihaped cross

atcliions) indicn~tve- Uvat incrc~asuv in shipml .ts yield diminishin. marginal

returns* Indeed,0 *inore.avtu in Iehipmiw~at beyond thi cost minimizine Doi"t Xjp

sil to Vp 4s ut yitild diminiehirw. toaLa returns, iso, such an increase MA

inanuto sc~t'tmust obviouhsly itucr*.P~sv tothl costs,,



By contrastj, Figure3 2 In which the lWLIst raoiaits of th* di~ramsr

0640u over the axof of tht. diagram ratkI r thanf At its ccnte~r as IA. ?14us 1,

depicts an important cast-,.at the othcr cxtriL.%, tbit of incer*teiaj' ?eturaWM

TGT &&

Figure 2

riCuri. 2 represen~ts c~s. of incrcnrinr r~ urns to snecialivtion because

it shows Vtt. 1cwir costs can bý. nenieviud by cxclusiv- use of route A (Pt

point oa th( OX, axice) or by :;xclu~riv!-. us.. o., routc. 3 tl-,An !.v ue%. of A com-.

lination of thist routc.s (n point toimrd thL cLSAt.x o.. Uth. XaXb Plane).

ThL distisict ion Iotwe n JiiinishinL, ,.nd iner~tsinp. r :Aurns is

txtr~,dny im~nortrant for proprrii -inf,. In , diminishinp rt-turns crAsu- as that

in Firuri. 1,, If w,; find ur point such n's :N: from whi-ch rny srl rnove ir.i-

crvo'v~s costs, wi. can b,' our(. tiat this noint is % F'lobal1 optijmum, ise.,

no move ofy aniftgnitudc will brin' 2.n costs lower thý!n those at Ms.

B.-caust. of thio. curvnAur4 of the cort slarfaciL, it move~s fuarthe~r

end furtntcr ,%bOVL its minimum point M,. Thus if a swll movm away from ii,,

sty to V1, incr~asiv costs, we ern b*. sure that mzy furthur mwov in that

dlroctlon, sny to (ý, will- only incraec. costs still fuarthers



Iiowetxr, this rcssult docs net hold fo? tW, incrt~asing rtiturns

CasiL dipictud in Yieurc 2. Thurc' a~ movo from poiri. 83 ov.r to A do..s

ifldLud iflcr~t8c: cost~s* But, if mv are p~aticht rand not~v. thecltuss conatinuo to

move along thso, surface it will buein to curl boick downwsud fiAnir and uven-

tuaally. wo may cv#un runch at point, C, which yiLlds costs far laowr (vufl

than thos. rAt point 13. A point liki, 8 wh.ov4. COSts nrar. low(.r thr'n thosL of

Any othw ou Xaible point in its -vicinity is crillud ra 16c.2flL2I~tlmm, VhE1'(A-s

th'.; point C which rually yiuldtr minimuam cortn, is na g~lobal optimum.

What is t hu. sip'nifiCrAnct of this rcsuli? It atratios, in cffuctg

th.t~t nny computing proceduro which idt~ntifics %an optimum point by suting

whwthcr ai small ovinY, in any dirc-ction incrvasc-s costs cannot bu trusted in

problc.ma in which tht, ObjiýCtiVL function uxhibilts incruAsine ruturns. An

L~xa~lt of' such a procedurc is thL sim-)l ruquircment of thou difftirentiAl

ctilculus th!%t. tht- s(cond durivr'tivc cof thty function whosc. vrilu& is to bv

mnximitud bi. nol tiv% ,1, thi. muimum, point., For thin' condition murL].Y

statt a thnt rany WVOL to ,t point. Wry I tir thc Minnximn~ point ?ES'ilts in A

rouduction in tht. vnlut. of thE. o~jiucti~vt function, aýnd so it is A entisfncm

tory condition only whvrL incrcracin rt~turns do not occur*

Dir, ctly r(.lotud to thE. forcroing problem is -tho diff Iculty of

finding r' wo rkpblL itEurntiVL proc,.durv for P,.t~tinr to tht plobal optimum,

point in an incr(,nring ri turns onst -- for hrtx.; tht. rulc "proccod by succc, a-

sive st.-.ps %.irtch of which ru~duccs costs" is not truitworthye Thun, in Fig-

urt. 1 no such prob1,,m rrisvl~s w%ý can confidtntly -procvvd by movirte downwartd

in = direction hoaousu all downhil1l pnthý . ind up r't tho. minimumn point.

Hncmuo nhy trinl arad L'rror (It crativi) prooodurv which kcwpf trying suiccrs-

give output laovl whic-l arc loo~se costl~y thna thosc is thi, prrvious attainp

will (it it dove not novis'up too slowly) uvvnt~ual1.y gt t us to thfj mini~mum

cost shipping routU oomblnrtione



B~ut. if in a cost miniimization problum the rrAph of tho objectivo

function contains a hill (it toxhibits increavirag rcturns)., going in a down-

hill dir#-otion is' not gurtatitc-oa to pp.t us to the. lowest point. If we

start downhill from po~it A in f'if'urL 2 we mV~ aind up zit point 3 lastor&d

ol point Co the rlobeal optimwu ir nhOw shaded fcnisible rveeons

7Io summarize thcn, trc'rWjind~xd#, almst P-11 of the st'indnrd

opt~im~lity cvlculntion proccdurc~s Arc m"plicrabl. only la Problw~ involvim

const~.fnt or disminishinp rcturne,

COS COST,'

.. .............

Figure 3a Figure 3b



L#-t us now rt-taarn to tht. problium of fixed chargus to act) the

rcl.;vancc of the prucuding discussion to th,. difficuiltius caused by In-.

creasing rcturns in nonli~ntr. pro gr.'nuiing. 'Figure ji ruprcestot pArt of

the.. cost function of n~ nulti-tnetivityr u~nturprinu showing how its costs

will vary whln thtL amount -hirqwtu from ont; of' its~ nctivitii~s (b) vrnricsp

tht. amount shipptd out of All othur nctiviti4.ýs being r~ivcn. This reliition-

.ship is cost curve. TRAI. As the.. di,%gr-" shows, It' this activity does any

shipDing at All, thu largk.r thu -vount which it sen&d out thte smnllur will

bt; total costs (iRR' slopus downhill tcwnrd thL.. right). But in the Ce'5e

shown, if th,. shipping rout.. ieý oliminaxtcd rlothrthc fixed costs

which it osc~lpes nru so larg, thait cotzts will suddnJ.y fnll from ~i to T.

In f.*ct (nesuming that tht.rtL is somce uppfer limit,, OM,, to th,.. demand for this

product) cvkcn if thý. activity su.nds out i.very bit th:MJ c.nn bi. usud by thej

rccipiunt, th,. vconomiis which, ari nchivevd will not suff ick.; to make up for

the. fixed cost* This is be'cauS.L point ills whos.. hvirht ru-prcesto.ts total

cost nt th%- mxisaam salcablle shipme-nt, lit s rbovt. T. wh4er..j 0'T rcprs~nts

thuf. total cost whcn thL nctivity stoops shipping along this routc altog4uthore

WVk S%, thcn, thrtt poirat.R' is at local minimum but T is tho C,-lobal

minim=,. Indeed FlgurL 3nx cLcanrly repr%ýscnts rn increnrin, roturns objeetivc

func tion--it Is a two dimi'nsionnl rc:IR tivLe of thL cost function illustrrntcd

ih i'igurL 2. Buat in tht fix4cd charg,.0 casu (Figure .3b) it is to b,, noted

th at c computation which tils us to go downhill along tho. cost curve will

move us in thte wrongr dir~etion, Llve.n nt n point like W which is very close

to R~ thcru is not thco sliehttst hint-in tho slopc of tht. ciarv thAt Soots

can boo roducud by ri~ducing output, This is a *'AtioulArly nasty featurri ot

the fixed charges probluii. An ordiLny Increasing rctLurns cost c~urvwp miao



na curvvd line TI~q will ot 1#&Ptt indicm~tc. tht,..dir,;.ction of. the glabAl.

M.iniiium Point wh,;A we E~t cloG(. cnougti to it--at point Vs going~ downhill

trkje, ur tc'wrd r,lobnl optiimm T, Lv~n' if statrting fu'rthex to the right.

VhIC "co downhill" rulet would Vt'ki us in tiv. wronr dircation.

At is, of cours,# only b,;c.Mas, wL. arc dutling, with P. mAlti-

r-,CtiV''Y Opirntion th.'it' our nroblcim is rtl~ly difficult, As It rmult, ;vc-n

our L;rayh 18 liki.1y. not lo rive us thf. rip-ht, ?mswtr, P rhp~ps it is boat not

to stop shipni'nj, out of -ýct ivity 3 PS.ftr ,l1, lnstiorid it might 64. bitt~r to

Jimn~t.;dcliv, rits fromt soL othc r activity (C) Anjd szm th(. £Ixtd haorget

rt, C. m~'nnwhilc r-.Placc Cs ro-mur dJ.lvur~ix by rhipm¶-nts from 5 for this

i'icrL~ss ttm, iminium rL'm.,nd for ?!ctivity i tm o purmits us ico moc lowkti

nlonr. th,~. ccort curv. to th,. rir'tit of Inlt1' ith k l~rrt mnub.'.r of

br-rchK. th,. ýro)L~.in of x:,mindnr th,. rxesibilitio-s cnst by v~c to d;;eidc

how %.ýny ,r.nd whit'i -to chnorx, ~.c~to tm tnorious r-roiA..m of perwmatntions

.vid~ coinbi.-r-1 ons vr w; -h rnnidly rrows -xtrono-,iic~. A rnorL yS7 MQ'ItiC COXn-

put~ntion, nrmc J. e' is ricuiA



The role of int g~ur progr~mminR in such a Problum Is oatily ftp-

roeLuntcd schu'inticnlly. For this purposc it~ is nLcass!'ry to introdUe. 'nn

.Irtificir.1 vnr~iablu, A. In thu thrct.u dimu;nsionnl Figurv, 3b point T is

plp.c,,d wh~tr,. A - 0, whilL linte PHI is movud to whetre A a le The thr~e' points

T, A nd R' nr%. t~htn connucted by tht nllrnrk Tifil' which can now s4erve. as tho

1-easiblt. portion of nin rirtilicirtl lint.- ProtrmNin Objetivo function, EBut

if: w%. includi, thu constrnints A 1-0 a'nd A 15 1 in thu prrblum, A~nd rizqu±irL thott

A tnicL only intt4 per ve-lut.ri, it is clhar th-it wt. chn only havec ithcr A a

or A - l*'e cAn .,rd up only, -%t point T or on in. s'ntRRI, i,4L., wo

must r--m-,.in somtwhtrc on th,. origin.-l cost, curvlw Mil of Figmr 3a. Thus byr

MB of intqterz prnprnmming wQ hnvc.L bvu.f t~blt to substitutc; for our original

fixtd chrwgt.fi probluzni anothcr ordinary lincrtr rpro~rr'wming probLe;m which 'givc-s

th~ tun..uwe

In ornipu this translAtion can bL m~ndt for nll of thL. Navy's

activitk -t oncL nnd so th... t~ntirt. problt.m cr.n bu trnnsforined into ont.;

largt. linea,*r intu.g r prof~vtmminC problum and thus bL solveid. UnI'ertunate.ly,

in pract.Lc,. this hrts not, so f-ir, proved prncticv'l for c~vein mndermitely Inrg*)

s-.probltnM whtr%. ths- ntanbur*of zirtif ici-%l v.-riftbLes which must be vnddvd

can make, th,.. computation prohibitivcly time, consuming and v~xpunswiviL~e fuccnt

modificaitionc; in' Gomory's algorlithm Iippenar to be,. promising but,, for the

mo~mt..nt nt lt.ast,' vomiow nltkerrv'~ivL me.thods must be cxplord.A



V1. Fikuality of Fixed Chcr~rgo and Dejonerney

The fixed ch&.rgo comr'utation is, howevrl, considerably simplified

if It can roasonably bc assow-d that all fixed charges are approxiaitely the

saace There is a theorms which states thot In this case, unlegas the anobm

Is- cieion~rnte the ordint~ry limrtr programming solution will in fast be

optimal, i~e*., the solution will bu the senme wfitjher or not fixed charges

arc prm sent

J,/Proof i In thc absoinco of degenveracy tho solutio'n to our fixed charges
pornummine! problem murt haw tit least. nis many non-ze-ro cluiente as there
areconstraints (2n in the casu of our modeil). PyO~ (Ijorine. the posi~bility
of inequality)'let us rlenolte our constrijints by Il,1,1 A1  o+ 1 nnA nn - 11

where the a Is and b are coluumn vectors of constants. If therm exists a
solution where only M 2N of the X's Prt. non-zero it follows thpt n03w
subset of M of thure columns rye lincarly depcndent, ise., tho problem
must bc dugenerate.

If the fixud chcnr~e constants K4 ,* am, all equr-i tn tin.sanu. numNer I&,
the numbe.r of' thuse fi xed chr.~rgtn must he. cqual to~ thu numbcr of non-zcro
shipmntmtx (tbu number of positiv. XVs)., I.c.,. the- fixed chitrgcs must
add up to at least 2rNK~o

Wow, thu objectivc. function of our probl,.m Is :. (K # Ci,j k ij) while the
objective function of tht. ordinairy lintcir programm~ing proilcm (in tht. absence
of fixed charges) IF Cipj li,,j. It is well knowni tint the linear programnaW
problem has an optimcl ,;o ution X* which contains txvctly 2N non-zero
clementr. Hance, for ts.values of thL P's wc. will hevc. K - 2NK*,g i*661
botb K and . Cjij X±,j will bz at thvir minima. Thus the linctr prorramming
proble~m solution X must r-Iso tv tht: solution to tht; minimum fixed charges
transportati on problem.

Onc minor qualification must b, addud, to thu argument--in the normal
transportation problem the number of routos employed will be onv le.ss than
the number' of constraints. Thot is bocauro the problem is so st Wthat

* the total amount shippud equals the total c'imount demanded-so. that if all
but one customer's demands ar, satisfied the remaininr customir's requift~wts
must automrtiv.14~ be satisfied and Uis demand constraint bucoums reduadant.o

* ~Cf. 14arren H.* Hirsch and Guorgo Dantsigp The Fixed Cha rge Problem; Pand
Corporastion Papeir P-W,~, December, 19%*,



The intuitive ground for this result is easily grarped. POT

reasons which will soon be explained, in thu absence of dtgoneray the

minim=a number of shipping routes which wlll got rid of all uxcessus and

supply all requiraownts is fixed. This minimum number of routes will be

omployed in any basic optimal solution of thu ordinery linear pregramuingi

trmnportation problem. In this caft fi=ed ch.rgeP ennot b( avoided by a

reduction in the number of routes employed Ande since all routes involve the

same fixcd charges, nothing is to bu gained in this respect by Choesing one

route as against another. It follows th,-t in such a case nothing can be

done tbout reducinp fixed ctzirgws--t-ho "st solution consists in. JuFt

keeping variabc costr down rn low as pouriblo-and the ordinary trzansportatm

algorithm will indicatc how this cmn be donue

Cl-arly then, if fixed charges Pre apprexilmctLly equol for all

shipping routcs, thc oni" lop• for cost reduction iLis in dueLncracyo Only

dcigcaracy will permit fixed ch-irgo savinL.' by making it possiblu for a

reduction in the number of routcs employed.

The last thine. to be ciscusscd in this exporitory section of

thu rmport is the r~evanc. of de.ugnracy to the eurront probluem

In a transportation problem degunuracy is defin-d to mean that

somc. subset of thu *,ctivity ru.qquirimiunts nd,!s up to thesum of soft, subset

of activity excesses. For uxample, if activitics A and B nmed, respectively

27 and 9 cases of Y whilQ somr. oth,.r e.tivity G has a surplus of exactly

21



.36 Gato~s, than providud thrn tU'u othur activitics in surplus 07' dsfSsit

positions# the~ problt is degcnera% becausa 36 *2? 9,1

2/Actually thia is a special er-o of t~ht ganeral linear programing
dafiritIoi of degonctracyi as a case In which a numer (simaller than the
number of- constraints.) of coluim of coofficiont,. in the oostnasift sA
tire l~i~ncry dopendont, To lllust~rate' this, consider the two-shipper-tu...
dostination tranisportation probiLM which hvas the following constraints a

whtiro £, and E. n, tht! exciuseves of surplus ACtivitiOs I and 2 mW
ft, Rn 2 ar-r he rquir'emmrts of the two deficit activiticso The matrix

ofcoefficionts is

subse a 0f 1~h ot -s Iupoe E .. eh") o 1*bxo 2ac

wheft a imd b -P m any con stan ts, k~ subs titut ingj, q I a
andb *!-'2 sa; thtit'4,e hhi Ke @Al * v~nt prti,ý sinn of rnouircn.nts
cnUr.1a v K~rtial IIIA Of' surjiuaso, -P wt a sa.r. This rrgumb~nt is *e'.ii y
c~xtefdvd into a formal proof.



To so how this effects the number of routes which most be 'o.p

oeonader the folulwng two trmatsprtation problems the first of whisk t1

met depnerate while thc lattor too

Prob1~m 1 Prm.ow I

Activity keeoss Rquimrmt AetivitV keess Requ&rSmmt.

1 7 1. 7

2 9 2 9

3 14 3 7

Th• first of t~s• pwoblcm and an• e It. 0.alutionS ay be

ftpWlSeund schomatically Us folloqse

ots t, ' "• Rt.out.d . .. .• ~~~et

• i'a. shipe m .4~i

.• c •. -• , ,, , a m t. s i p ed -. 9 •• t e t

owuot skdp all of' its surpl•,s t. &ctiviltyr). But in the •a•arte prlm
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the corresponding solution beoomoss

fltVty3 outu a Acivity3
e ass- 71 at. shipped - 7 l dt

S21RoutA.atu"

S9at. shipped- 9 Pficit i

Note that it has boorn possible to eliminate the diagnol route b whieh ywa

used in the p'ovious problom. This trivial example illustrates bw degeW

reduces thu numbor of shipping routos which must bo employed In sol"iag

the problam.

It is clear th,•n, that whilc degeneracy has sometimes proved to

be a nuisance in computation it can b* extremely useful in a find charges

probLm. Ho,'wvcrf there are two reasons why looking for problem which

happen to be dcg, neratc is not. n satisfactory cxpudiants

I. Thero. is no ruarantv. that a significant proportion of the

rroblems which an uncountirtd in practlec will turn out to be deganeratue.

2. Even when a problLm is &gcn~ratc, idLntification ePnd

consideration of all of its 'kgune.racics is liktAy to be a long computatioeua

process. For, cssentally, thi.- ruquires tho- computation of all partial

sums of cxcessus and of . 11 pzirticl sums of rmquircmnnts nni their

comparison in order tV sec which if any -of theft partial sum hicppon to

be vqal. The number of cnmbinations which It. involved mounts very rapidly

with the scalv of thc; problem.

It was Vicrfort dccided to undertaka a systematic extunsion of

a curront UPCC clkrical procedure. Often clerks will simply &dide that

very small requiro.mts or excesses rc- not worth the tUrubli of uiimination

by rudistribution. 3h effect, this decision .mounts to -the elimination of a

l!•Iy a sample of Uw 34 Pr*blems which on prior inspection appeared mat
to be generpte, only five turne out to exhibit useful dgwwome ,,

(Problems 9, 17, 19, 25 and 33 in appendil Tabl.e 1.



fixud ohargo by forcing t duguneracy on to iho problum.o A amll clatieal

ohango in. rcquircmwnta or Lxolas figuris han bou used to alininatci one or

more shipnwnnt

Gonuraliitne this procedure# it will usually bb possible to

impose dugwnuracy on such problems by miking insignificant changes In

surplus i•n deficit figuras which make sowm of their partial sum equal.

This is clearly desirabl., so long cis thu rmaultine ravings in fixed charge

are grcator than any costs which aru producod by changing tho surplus or.

shortagu figurus. Thnt is thu approach which was taken by thu algorithm

which wns duvLloped in this study niad which Is deseribed In detail bolaw.
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ViI The hp~roxjmatjon, Methods Tested

Since detailed infbrutten on the actual ,mgn:Ltade *f fixed

cost$ has not as yet been made available to BJSA.AO, it. may not be poeaibl#

for the ront. to employ the fixed charge algorithm wtich has been dsveloped.

For the answers wtich it yields are, of course, dependent on the levels of

these charges.

It therefore may be necessary, at least tempmrarily, to rake use

of a more routine transportation calculation until the required data are

obtained. In any event, such a calculation constitutes an essential part

of the fixed charges computation. It was necessary therefore to test out

a variety of approximative comp4ting methods for the ordinary transporta-

tion problem and to corpare them with the results of a precise optimality"

calculation.

For this purpose, a sample of 100 actual SPCC redistribution

transportation problems was collected and a number of tests were made

with its help. Th, naturo of t.he sample and the results of the calou-

lations are described in detail in later sections of this report.

In addition to the optimal solutions and the proximity table

solutions actually arrived at by SPIC, bot as determined by the machine,,

and as adjusted by the clerks, the following, two types of solution were

investigated;

(a) The first approximation method which was tested was labe4ll

ship mosat least cost (SMALC). The basic idea is to find which route

involves costs lower than any other's and to ship as much as possible

along this route, Then we ship as nmcl, as possible alOng the second

lewest cost route and so an until all excesses have been eliminated va

all requiraents have beer, filled.



Speelticafly, let X, represent the amAunt silpped ftf aetivity

I to aetivity J, let C-w be the urAt eost of that shipmentp let i A T"40

"meat the exess at activity . and itj represent the requirement at activity3.

Then the method prooeeds as folle ws

In the cost matrix choose the minimm.seat flaur. C±j. Set

a smaller of 91 and Rj and remove the eorrespmndlng row £ er eoluma 3

from consideration.

Replace E, by i - iLj

R3 by 1j - Xjj

(Heae at least one goes to aero) and repeat on the new saller matrixj

eontinue until the -rblem is solved.

The basic idea is illustrated by the fellowi tables. In the

left hand table the entries on the out-uide repesent set;vities excess

quahtities and requirement quantities. The spaces in the table reprosst

shipping routes, zand the numbers which are entered in thes spaces represeot

the unit Wse (distance) of a shipmnt along that roate. For examples

the 832 entered In the upr left Maad corner represents the eet of

shipping one unit from aetivit. A to activity D.

D E F 0 D £ F a

Activity

18 301 52 1 keeirement

A 267 832 771 940 2ti8 6 A 18 197 52

S104 531 .30..6632.47 It 10-4

o '4 336))W ) 314"4 73 . 4.

Aetivit' Cost Table Solution TaMe
]kei • .



The miniman CI~j is clearly the 30 shi~ping Cost &wM OAetVt

B (whosi excess is 10o units) to activity E (whoese req"Uirem is 301

units). Hence, the maximum amount which can be shipped along this route I

10 units and thid is the amount entered in .the corresponding position in

the right hand solution table.

Now activity B's excess figure is redueed to zre whAle I's

requirement is reducod to 197., With this change in the original table we

proceed to assign as large a shipment as possible (4 units) along the soeom

lowest cost route (the 73 figure in the lower right hand corner), Ptc., =Util

all reouirements are met and all excesses are eliminated in the manner

shown in the solution table.

(b) A second method of approximation which was employed is a medfli-

cation of Vogels Approximation Method (VAM). This method is a bit more

difficult to explain and involves more computer time. For each peusible

excess activity, i, one. finds the lowest and the second lowest shipping

cost routes which begin at activity I. Similarly one determines the lowest

and second lowest cost routes which terminate at each requirement activity.

The difference between these lowest and second lowest cost figures may be

referred to as the error penalty which would result if the second lowest

cost route were inadvertantly chosen. ihe basic idea of the VAX method

is to seek to avoid these error penilties* Thus, now having an error

penalty figure for each activity, ve pick that activity which has-the largest

error penalty figure. On the argument tha-t here is where the most expensive

mistake can be made, we make as much of that activity's shipment as possible

along its least cost route to avoid such a. costly error. V.e ao reexamine

(and, if necessary, recompute) the error penalty figures and next tak"e c

of the activity with the largest remaining error penalty, and so ea.



The- row unit1 penalties -(6195011,3263)

The column unit. p•nalties - (301,1h.,307,2A15)

The row absolute penalties (16,2 8 7s 52,1i04; 13,02)

The column absolute penalties (,5,1a8; 1239411.06kii POW)

Greatest PWt .,

Hemso the first shipment mast bo assiped in accord with seond aolum

minima. entry,, i.e., the firSt shipment Vast go fro aoti•ity A to &4*U L, a

which, by coincidenoe, is the same as in the XUW methodo



Mors explcitr, the foliownig priee v w". OA9 4.

•ocato hoe mtnim na element in the oet mtrix in each VW Pad

.eeim. Call these

Ron Coluams

(-) C1 ... C a d ... 44.

Locato the next largest element in each rev and colun. Call thgee

(2) C' 1 .oe**o," d' 1  *.......d'f

Then the 'unit penalties" incurred by met shipping on the ro utes

located at the entries (1) are

C' 1 - Ci1 o.g C' a - C 'm - d1 , *..O n d u

Instead of these unit penalties, the cosputation emplqed 'absolute peoukalteo

e.c. ifC1 w l, and is inrow land elum J, we nOnly

ship 11,3 - mi (Sl, Dj) on this route.

Hence the "absolute penalty* is Xj.j (Co1 - Cl).

sRhipments as large as possible are then made along routes Where

this absolute penalty is F.reatast.

Example s

Using the same problem as before,, Ve sot table my be rewitten

as

D E F G
18 301 •2. 5 4

A 267 832 940 24.88

Cost matrix B 101. 531 324.7

C 4 3336 J380 34U.1
Wheres-

Row minim are uwderlined Thus

and 3C07LUm minims nsrllaed Time



M&I*. The fleaene "ac Forcing Alporithn-

The last method, tested is the one which was especially designed .

for the fixed charges problem. It has these central featuresg

1. Mn adjusting device for excess and requireMents figures. Whick

is desigod to produce a ruasonable amunt of degeneracy.

2% ,An optimality cMputatioR device which -is an extentlon of th

SMIC method described in the previous section.

Specifically, the method is the follovings

SMAIe--Degene racy "Forcing Algorithm

Scan the matrix for min c SUPpOSS this is achieved at 1a-k and

j-m I I " Ek R N , set ,., " M ',.,, V and delete both raw k,,n,
colusgia. If J Ek -RaI "> I. 'as in the usual SM al ertu

set iXn - m•n , 7 and then set

Ri 0if min Rk J7
Ptm -o 0j

and ioi J

I/Note that thIs always results in the "roumding up" of excess or
requirement figures as necded. This decision was reached on the basis of
SP opinions that cutting down of any such figures would only postpme
them umtil the next period and would nrot eliminate the requiroment or
excess quntity in question. Hoever the algorithm cm easily be chwne~d
to work the other way by substituting 1Min for '?•ie at this point.



h:&A. (Usjing a 1
Consider the following transportation cat mtriot

4. I 6 2 IA 2 blquinmewta

ZbmOesses 9 12 9 6 9 it)
6 7 3 7 7 5 5

2 6 5 9 31 3 11

9 6 8 11 2 2 10

The preoeding algorithm mny rea'dily be oheoked to yield the 8l6tiem,

h, 4, 7 -2 --- 3 bquirem•nts

kceesse.s 5 7 shipmet.

7 I 3 .Amount shipped -2

2 2 Total cost -126

10 2 I Average I -

This may be compared with the felloewnp, optimal solution obtained by the

Simplex Methods

4 I, 6 2 4- 2 Requirements

kceisos 5 5 9 shipments

6 3 1 2 Amount shipped - 22

2 1. 1 Total cest -112

9 3 2 4 Average eost -5.1

I I I I I n lll I n I III . . .



In this alrorithm, A , the degeneracy limiting constant Is the

maxim aonmt by which excess or requirement figures are perdtted to be

revised in order to produce degeneracy. .We recomend that a different A

be employed for each item and that the value of each delta be revised at

each review. The computation involved is very simple and the factors

affecting the appropriate value of A can vary sharply over time and from

item to item, so that a more inflexible A figure appears to be undesirable.

The value of A should be based on the values of the following two

varicbloss

a. The averag levcl 4" inventory on hand ct the review datc. in

those ActivitIcs which carr, the ite. For, the highor the level of Invcn-

t*,!' on ' Vrna, t,.t luvs significant,, rlrtivoly, will bo a given rea4justmAt

in requir•rmt or exCoSr, fi•ures. Hence A should vary directly with the

avtraGe stock level.

b. The price of the item (as a rough index of military essentiali.t,

Clearly, the more essentip.l th•t item the lcs the adjustment in excess and

requirement figures which can bc pr'dttud. Hence A should vary inversely

with the price of the itan.

In our trJEal calculation A was nrriv6.d c.t as follows. Define D br

the expression

D a Avg. weekly ryrttm demand for the item X a price adjustme
Number of activities showing derwid factor

Then ' is equal to D after D hat beten roimded up to the nearest inteer.

Tho avorage system demand was obtained from the ourrent (May 150

1960) CME page for the item. The number of activities shbing any demm

for this item In the past wight quarters was Obtained fran Cede 740*



The price adjustment factor was developed on the are.utwt. that lew

essontial items can be assigned larger A 'sa i.e., that it is appopriate to

go further in forcing .degoncracy m such Iteus. The rule which va develqeW

is sum wr•zed in the folloviinj table:

Price Adjustment Factor Unit _lrice of Item'/

1.5 £4W.01 and. over

2.0 4 50.01 and $100.00

2.5 up to $0.o00

In effect# this means that for expensivo items ' is kept down to 1; weeks of

of average activity demand, similarly, for modiua prioed item A is set at

2 wec.ke demand etc.

11cre is an oxample of thu calculations

F.S.N. HF 3010-318-9072 6.09 - ,ivorago honthly Demand for Syste
Nomen. Clutch F 6 - Nwnr of Activities Showing Dumd
Unit Price $2650'

DISTU NCE TABIF SOLITION TABL&

Consighors Consignees Exc esses

75 85 91 75 85 n

71 893 3201 3203 1 71

74 482 301L 3016 11 74 12

83 3166 447 449 16 83 10 7

50 3.380 6614 666 1 90

Requirem.nts 12 10 1

-•.... ..m . .mu -, m -. I

yON break points won deieloped partly on the basis of the
informt~ion that more than 50 percent'of SMC shipwmta involve
Items worth 3Uss than $50 whilw some 75 percent of the shipments
Involve Items wsrtb less than 4W*.



The calculation of A s

D-6 0 X2.5- 'Sothat A -1.

As a rerultp shipments from 71 and 90 wore caneelled. The diOAno. table

vas examined and the pair 83-85 was found to be"the Whoitost haul. The

amounts 16 and 10 showed a difference of 6p s. the roquirement at 85 was

filledl eavi 6 units showing eue" lat 83, Nov the pair 8391 was looked

at next. Here the difference between the 7 required and the 6 oxiese waS

I or equal to A o Thus the exceas at 83 was sensidored to be 7 and the

requirement at 91 filled. The final step was to find the diffler a betmam

T7 and 75. The differenoe was again equal to A s 12 were assigned frm

?h, filling the reouiremLnt at 75.

The result at this use of A was to cameol out two shipments,"

satisfy all requiru-ments with minor adjustments 1i shipping amounts from

two activitics.

We rccognizo that in some casesp A must be aseigned the value

sero. S•ch :l 0ese in:

F.S.,. HF 2910-217-0116
Nomora. Pump Fuel
thit Price $352.,00

Here cancelling out small shipments to requirement activities my

clearly be highly undesirable. Only one pump may ever be required but it

amy be nrodod very badly. Somu modification of 1. to take more explicit

account of military essuntiality is probably nesessary. The degeneracy

presently forced by clerical review at SPCC surcly takes it into account.

Had it been possiblu to obtain the CSSR page that correspmnded

to the supply-dwaand review period in which Vaese ordered shipments wag

made, sdibstantilly higher A would. probably have been vsed *I the

ealul attew .tis Is beause we wuld have had a ame aswreat pltim at

3%



the sie of the excoss stock at each shipping activity. Accordingly we

could hawv foid, casos whorc, increases in naiber of items shippod wcuX

have Involved no danger to =W such nutivity.

The lack of CSSR pages for thust. shipments was brought about b?

an unfortunate arrangcaent for the transfer of used CSSR pages from Stock

Control, Code 740s, to the Federal Dcw-cnta Centor at Mechani•oburg* The

actions of one review period are, in practioe, scattt.rid through many

different shipment orders, and trying to track thcm down is almoet an

iqessible task. Because of this,. the cost of obtaining this infarattion

would h mw been prohibitive. howevor,, If tuj forced degwrsey algorithm

Is programmed into. the rmview procedure,it will, of ocurse not Iwnvlve

any diffieulty to take Into account the dita on the MAR pe. In that

case L•9ormaticn on inventory held at &hipping activituis can reodily be

used to change the mApittude of the price adjuastment factor



IX, acoults Of the Comtations,

Th, following tablL slmwarimses the results of the eomaitati"nS.

Table 1.-.TR4Mir.P0IATION MNC05lS"s RICULTS
MIR /Ja AVWMAOX TRIAL rPoBTAN

Computation method

SIecc sapePo fel
ordered sMALC VAM
shipments$otmm abe dgi~a

Cost (it1,",s) OO 1,1,o27,000 1,,O0 4,U19,000 1,132,000 1,1,230, 1019,ooo

Lxcuss over opti-
mm............... 12,600 0 ,#100 17,100 8,700

Perconta•(o excess
over optimum (p..r
prohlem).,,.., o.... 2.60 0 0.A5 1.60 1.95 0,•20

Overall percentage
excess over opti-

1.13 0 0.37 1.5 0.8
Standctrd deviation
of percentage
excerts over opti-

5.50 0 1.30 3.30 L.0o 4.60.

"Axiaina absolute
excess over opti-
MUM ....... ........ 215,000 0 111,000 628,000 16LO00 ",00V

Maximum pcrcent4n4e
Rbsoluto excess
over optimum...... 29.20 0 7.20 21.30 28.90 13.74

1/3.e number of miles moved times the number of items in each shipment
(added over -ill shipwents).

These. are all avernj.e f irures for the 100 problcm s,-mple. For

example, the first figure in the first column indicates that the average

probl'm incurred 1,127,000 item-miles of transportntion when rodistribite.d

in aecord with the current SPC decision process. This was an average of

•somf. 12,600 itemU iles more than would have bcea involved in an optimal
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slution, For the average probletV this represents a 2.60 percent ineresse

in transport costs over the optimal solution.

The last thriee entries In this column are meant t indicate the

representativeness of these results and the largest deviation$ from them

which have been encounterod. As an index of the variability of the pz--

cunt&ge, incroese in thc cost figures we see that the standard deviation of

that percentar'c figure is 5.50. Moreavore, th largc~r, absolute excess in

cost for wW of thi' smple probLsm of the SPCC calculation ever the optimal.

solution is 215OO0 ittm-milve. Thr largest percentage difference for a'W

problhm is 29 percent. Thcse last two fiCaras are ,oant te be Indicative

of the maximum risk incurred in usuing the approxiwwtion methods to solve a

particular problem,

It is to bs- noted that (ignorinr. for thL moment the Forced

DegLniracy Pcthod) tht SA4LC method comes out bcst Aft.er the Simple.x method

on arkV one of thv rutlevnt criterin, It hrns the smnllcst excess in trans-

portation cost over the Simplex result, taken either absolutely or percent-

aruwisc. iTorcov-r the r!xccisscs h-v, a smanllur axi.mum variation vA stand-

ard deviation than vW other m, thod. Rou,-hly, wi•V • conclude that the

SALC mthod will involv,. niore tt, !, 2 percent stving, in transportation

costs on the avý.rarc redistribution ns ngrninst prescnt methods (this con-

clusion, of course., applics only to l.rgur problhrs).

1/Notice this LIgure is not the purcentnge ovt:rnll saving. Rather it
is obtained .by getting the poreentn.c swvin for each -of the 100 problem
and avera,'ng thim. This is clearly the arithmetic man whieh must be
.used I& oomputing the standard deviation.
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It is to bis noted thet the Forced Degeneracy calculations duspitI

the fact that it involves about a 1L pwrcont reduction in number of ship..

tents for the averna-e Problum. (Table 2), compares, very favorably with SMALW

in the variable transportation costs it involves.

Table 2.--TM~Ai. Nt,'fb~a Ole SHIN1TES (LINE IT-Li)

In tkw Average
In the Simplex Forced •.enaracy Absolute ?cwcont Perage

solution solutions dif1'frence differewc differemee

Total 707 62 -65 -92 -

This result is explnined by the fact that the Forced Degewraq method mute.

maticrnlly alimin.tits some trivially small shipments and hence esa result in

an overall decrezase in the totrl nxount shij)pd in some problios. However#

in rtneral this ,ithod does involvw considurnable v.ariability in the Uxtent

to which it ipproximttcs the transportation costs of the opt im.l solution.

(In some pro.lcns its transportntibn costs will tvin be substantially below

the Simplex cost fi.rure.) Mence it s,,ums advisable to maintain a conserva-

tive inturpretation of the low .averagv cost incurred by the Forced Degenarac

method. That iR, it does not svem appropriAte to consider this a reliable

mtnhod for reducing trnnsportation costs unless fixed costs are also sub-

stantial, It. is remarkable that this method is able to achieve such satie-

factory rosults with figures rs moderate as those which were employed In

the tril caloulntions.
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X. Ogerations as SC

From the ver einning of our asso5C tion with SPCC it was cor

from the direct evidence as vall as by reputation that. the center was an

efficient, wo.1-run organisation. Nothing we have had occasion to obse.

since that time has led us to revise this impression.

Naturally, any opicration is curtain to have some room for im-

provement, and this is certainly truc of or niuations whose rmles and

stanclards have evolved over time undcr the pressures of day-to-day Oper-

%tinV noeds. It is therefore possible and convenient for illustrative

purposes to point out a few impurfk-etions in SPCC n•peritions. The pur-

posat of such examp•s is to indicate the role which can be played by appre-

priate analytic procedures. They are not meant to convey a falso in-

pression of mismsanamptont in any part of the opuration.

Indeed, our central results servw to point up the relative

efficiency of SPCC operations. It is truu that 75 Nrcent of the large

scale problems in our sample turn out to have been solved non-optimally.

tkevertheless the solutions obtained by a combination of machine rule-of-

thumb. calculation and alterations based on clrical judpmnt, increased

costs on the average by no more than threc percent, which may well be

considered a remarkable pu-rformance.

A. The Review Period

There is, howevwr, one major feature of current SPO0 inventory

operations which is apparently un~er active reconsideration and which we

believe writs careful examination.* The period between reviews em re-

distribution and associated aotions is apprcKimately three weeks.



This is a considerably shorter period than that employd by other Sawv

supply operations, and it may well be too brief. Whatever savings in lower

safety levels# and whatever speed in finding potential NO• situatifts may

result from such a short review period muast be weighed against possible

undesirable effects. An excessively short review period can have several

undesirable effects.

1. It adds to computing costs and tD the pressure on computer

facilities.

2. Unless specific provisions are made to avoid them, it can

substantially increase the number of small shipments because excesses and

requirements have not been pivebn a ehance to rrow to an economic redistri-

bution lot size. This can obviously lead to a rise in the outlay for fixed

charges. There is evidence that a large number of small Osipments has

indeed been the result. In our sample, over 30 percent of the shipments

involved lots of no more than five items and nearly half of them involved

no more t ,an 10 units.

3. Excessively frequent reviews mean that fluctuations in demsad

may not be given a chance to offset one another. That is, if there is a

temporary rise in sales at activity X and then a corresponding fall, at

the end of this period the activity's inventory may well be In balance.

However, too greotent a review might have led to goods beinf, shipped te

I at the end of the upswing in demand, in am effort to offset the apparenm y

depleted inventory, and so activity I would end up in an exess. positim.

Wherever such oscillatory demand behavior is fairly eharaereistit

fore, there is a oonsiderable adventage in infrequent review period..
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4 . Exoessivwly frequent reviews prevent the compounding of

trans'portation problems in which eooncmius can be achieved by optimal

selection of routes. That is, if for one review period the stock status

of ona line item involves activities A B C and D and the next review period

involves activities E F and G, it will normlly be more economical to om-

sider the excesses and requirements of all seven activities at once and to

decide on shippine, ruutes accordingly, rather than dealing with separate

four-activity and three-activity problems, Thu latter is tantamount to

taking a regular transportation problem and "simplifying" its selution

by breaking it into two subproblems composed of arbitrarily chosen sets

of activities.

Of course, this argum-nt is not nvant to imply that longer review

periods are always preferable.. There is •,2arly a limit beyond which

lone•r review periods prevent the review from serving its purpose-the

elimination of substantial inventory excesses and shortages. But we

believe that a pcriod longer than the present three week review is likely

to be optimal, and is likely to result in considerable savings In trans-

portation costs.

I :1



B. Th• Size Distribution of Problems t SPC_

Ono of the results of thu short revijuw period is tWat the redis-

tribution transportation problums tend to be fairly sell, This is illus-

trated by the following table representing a sample of 582 redistribution

actions on or about fby 19, 1959.

Number of activities involved N of
either as consignor or con- problems
signee

2 296 50.8
3 91 15.6

5 36 6.2
6 36 6.2
7 or more 38 6.6

Total 582 100.0

T.his result is significant becausc, as a•irady indica.ted, small

probblems offcr relatively littles scope for cost saving through systematic

Invustigation of transportation routing. Inked, any problem involving

less than sdven activitits is raroly worth subjvcting to a systematic trans-

portation cceputation. For such a small problem the number of possible

solutions is nogliible and any reasomible mthod of arriving at a routing'

decision is very likely to yiuld "in optimal or. very n-ar optimal solution.

Even where sav..!n or mor'ea .ctivitivs are involveA they may not

m.rit, special computatiomal procedurs. If no morv than two activities

are involved as consignors (or as consignees) the probl)m is again likely

to be covputationmlly trivial. Thus in our sampli, of the 38 problem

involving svwen or morn activities, 12 turfed out to be of this variety,

so that only 26 or 4.5 percent of the pr.blems resulting from one review

period were of a s*ze for which sophisticated oomputing methods are likely



This suggests th2% at leact with the current ihort review perwod,

despite the eains thaIt are shown in this report to be made possible by

improved transportation routing coalulation methods, those may not repro-

sent th. most prcmiiing .appr-aoh to increased efficiency in 810Os' redis-

"tributiono. Pirst, however, it should ba romarkod that this resrvation

does not apply to all 0of the Navy supply systomv There are other pertiam

of the system in .*iioh largo transportation probldms appear to be f aron

numerous and Important and it im there that one wouldoxpect to find the

most useful applic•tion of the results of tho prosunt study.

SCC redistribution costs can doubtless be appr4oahed more

effectively by extending the study to include an axamination of activity

requirement and excess figuros, which -were taken as f iven in the present

investigatioh. Th8os figures obviously play an esegntial role in the

determination of redistribution costs.

For one thing, if inventory goals are takon literally and an

activity is declared to be in a req4iremants or excess position whenever Wto.

stocks fall insienificantly below or abovw the targot level, 'an intolerably

large number of shipments must rusulte. Tho yptmn 'is de•rived of all

flexibility and is rado oxevsively responsive to changes in demand and

inventory levels* Only by a syotematio investigation of the costs and

consequerces of greator, flexibility in excess and requirement criteria

car an -optimal. arrangement he approached. Such an ,arrangement will be

one. wtLoh balances off the savings in transportAtion costs and asocilated

fixed charges against the .ocet of 'dooroasd responsiveness tin shimentl.

to' tsVeet~ level ohaof em I n any events it Is clear that modificatbie



in thu excess and requSrewmnts crituria offer a promising prespet Of

achieving a redueed rv'inbr of redistribuation shipmunts.

Perhaps even more important, are the dynamic elements in the

exci's and requirements fCgure.a. Shipment decisions should ideally rof•.ect

not only ourrent inventory lvelas, but also the expected magnitudes of

these ie-x•2s in t•h future. Thi- is not a pu.e ,uittor oft.the, forecasting 6f

de&ands. Current rodistribution p:uttkrns thumselves help to determine

future inventory levels at thu various activities. If redistribution

decisions are based on currunt inventory lovels a feedback mechanism is

formed, in which inventory livels affect redistribution patterna, which in

turn affect future inventery lovols, and so on. A standard danger in sueh

a situation is that unless specific preventaiivo mcasurzis are taken, flue-

tuations In deonand c-an lead to mapnifikd fluctuations in inventory 3,ovelse

The result is an artificially incroasedt nrd for redistribution outlay.,

which is very likely to be substantial in ragnitude. To avoid such waste,

encoss and requirements fipures mutt then be determined in a dynamic con-

text in which their interrelations vith future excesses and requirements

are taken into account with the specific objective of reducing overall

rodistribution costs ovcr tine, and not just in the short runs

.t is, thacnf our v!L:w that some of the most promising linas of

investigation from the point of view of economy in SPCC's redistribution

operations involve a syst&-matic analysis of the redistribution process

which emphassio.s the excess and requirement determination proco&osre.

D. Current S1CC tudistributi•o Rules

Before eoncludinp these remrke on current SPCC opermtioae, It

is convenient, for reftrornwe purposes to summrise the redist$.Wttqc

procedures which are currently being ftloved at SPW In their airrent
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prosm of Supply4Dmaid Reve. This prgram is beiAng e~tOensiO re-.

Wvttng and *mw. of the ourrent steps •vll be roplaoed, Aat Uheee are

the operations and the rules ibich are used at prosent.

L



StOck Status Reviow

Not mch ore than a yonr and a half ago the Steck Status 1QvieW

was on a quarterly baei*. Now, with the aid of the electronic computetul/

it has been chanped to a tri-weckly schudule. 3sfore describing the

actions taken by the machine, it should be noted that the machine usus a

slightly more complicated method to accomplish what was previously done by

the clerks at SPCC. A number of the vachine's r-alculations are choecked

out entirely or in part by the clorks in their review of the nchine's

reoomendationa. The machine oompates recommendations and CSSR page

chanres more quickly than the clurks can consolidate the transactions and

then make tve calculations and the changes. But the clerks are now doing

almost as much pap,.tr work as before, and pcrhaps evon more.

As the daily transaction records are fad into the machine, eash

item for which there is an activity or system demand suts the machine i1

motion. The perpetual inventory tape and contract sta tus record tape

are updated. This occurs wuekly. Once every thrwe wveks the utpdatod

perpetual inventory and contract status tVpes aru run tlrouh with the

calcul.ting, tapes. Those r~sults are the Supply-ilemand review data.

For evvry Itum on which there is an acAivity or system require-

mtnt, i.e., for which a reorder point is reachtd, thu machine gee. thregh

the procedures which will next be described. First it should be noted,

I/Since June 20, 1959, this is-an IBM 705 Mark III.
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howeverp that there my be a system requiremont, and no activity rwupinma

when the normal system reorder point is roached or exceeded. The system

reorder point is a flunotion of tho procurement lead tiias and is automa-

tically reachad at preset intervals, depending upon stocking polic and

lead tims. But an activity's reorder point is reached when the number

of months of supply of inventory which it has on hand falls below a fixed

figure, known as its Roquisitioning Objective Faetor (ROP).

Whin a ruquiremont sets thu machine in motion it computos the

system's and/or tho aotivitios' ruquirmunte or ozCoSSos using the foll0owin

four concepts: Average monthly roplenishablu dmand, requisitioning ob-

jective factors variable safety levul and stock status. These will now be

defined.

A. Averago monthly roplenishabl om daond,

I. For the SysVim

1. Fast fraction (items with innual domnd of greatar ta•a
11 units for untirt! systom)

a. 1.097 stindard dcviations normally
b. 2.35 standard deviations for "&ssentiality 10

items 6wsdomrintvly load list items (con-
siderud t• be hard com)i

a normal curvc ic assu-,d to aj ply when the
standard duviation is employed. The go.ls
are 85 pNrcont "Effectiveness" normall
99 perccnt for lond list and other E-LDit-oo.

2. Slow fraction (liss than 11 for system per year)&
2.35 stindard deviations are used in all cases.
Here a Poisson distribution assumed to hold.

3. *19 fraction-not provranmed.

4. All fraction system reorder -poit quantities are suppoNs
to cover the kad time af system prosreoment.

Aetors; to I Ut IsIsntIIty Of a I .



II For an Activity

The machine allow two standard deviations on the basis et
an assumed Poisson distribution constructod from the last
8 quartei t kemand.

B. The Requisitioning ObJoctivo Factor for both sgtem and aotiitty

This factor is &-fined as the minimum quantity on hand and an
order needed to sustain current operati ons and is composed of
the operating and safoty levels with procurement lead time or
order and shippinsr time, as appropriate (the Latter only for
the system, not the activity-4P•C is iswestigating the desirs-
bility of nlso bringing it into the activity formula).

C. The Variablo Safety Ioval

That is the quantity of inventory *hich will provide for minor
interruptions in supply or changos in de.afd, for the system
only. (hp'in SPCC is investii~mting ways of bringing a variable
safety luvel into ork:rration for the ictivitles., resenRty it
is on a fixcd momths of supply safety stock level, with the
system on a variible level.)

D. The Stock Status (System r.nd Activity).

The Stock :itatus calculation Uxamines

On.6hand inventory
Due in (adjusted for delinquency of contract) by dates
Planned requirovents established
• blipations est.iblished.

If any of the following five conditions for printing a CSSZ

page are present, the machine will produce an P.TII¶ Action Form (Form 601.

Th-se five circumstances occur

1. When any activity his a requirements

2. Whet) the system h-s & requirement.

3. 1"hen any ch:n 1,e occurs in the Requisitioning Objective Fuator.

Y. "hen the item is codod critical.

5. When the item is coded expedite.

VAt present the machine makt;s all these suarches for all item In the
inv.;ntory, But it prints out onily t~h rmsults of its "rc.h for PFP
fri.otion items on ED?M Aotion ?ormn. "hVse are treated as remOsadtias
and are reviewed by clerks, In addition, the clarks originate the fi eede
redistributions fbr all "SO* OR" and "X". fraction items during rdt
sqapply-Demand Review.



MM Action Foam am designed to reallocate or redistribute

stock to correct projeetable or actal shortages or excesses found te

exist because of changes in demand, or to establish system proaaresmnt

at the regular reorder point.

So. if there is an activity or system stortage, the machin

1. locates activities with shortages

2. locates activities with excesses

3. computes the system shortage or excess from these

figures.

1. If there is a system shortage* the )MM will print orite•t lk

or "C" on the CSST pnge which is the signal that something mast be dame t

correct the situation imwdiately. Whenever an EDPM Action FPm is mriked

"critical" the rule is that there vill be no attempt made to redistribut*.

The item will be uxpedited from due-in contracts# if they exist, for the

s.hort activity, or from contracts due in at othur activitis, uhioh if

.diverted would not subscuquntly lUvw them short. This is eallocatio,

Or a ntlw contract would be sut in motion with all possiblw speed. This

is procurement allocation.

2. If there is no system shortage but'thcre is an a• itt

shortage, activitiks are recogniz•d as being vither short or in excess.

The first stop is to .scan due-in contracts, nl above, to find if the

shortage can be overcome by expediting the due-in contraot to the aetuvity

or by reallocattng from activities with txcesses in their tAm-in eitase4ts

This sorting thrcgh, due-in cotroasts Cos on until the requi•r.~et is

satisfited o. until all oontraets with. ae &oes before stocks at 0s

activity will be exhausted are exmwd am1 all Pessible realleatvism s'ev



3. If there then remains an activity with a shortage, redis-

trtbution is considered.

i•ach excess stock position is oxamined again in light of the

results of the reallocations to see if there is going to be enough excess

to fulfill the requirement and not leave the activity with the excess in a

short position before thu next system buy. Requirements are filled fro

that excess which exists aftor the activities' Issuu rate, contract &a-iA

date has been considered, necussiry reservations made, and a "net" excess

established. The decisions fall into two categorius:

Case 3A. If the system oxcess is nt loast 24 M,l/starting in

Area 1 with the activity with the greatest requirumunt, the machine seeks

out possible consignors in order in Zone 1A looking, for one with sufficient

excess available to fill thu totil requirement. If no such consignor can

be found in Zone 1A an attempt is made to satisfy the total requirement by

pirtial redistribution in Zone IA from consignors with excesses. In this

case, shipments must be made in multiples of the intermediate packi/size.

If the requirement is not fille' and the remainder is less than the amount

which constitutes an intý.rmwdiato pack, the balance is c6neetled. If a

roeqirement remains which exccds the. interme-diate pack size, tAo machima

tries the above steps for Zone 1B.

11M is dtfimned as the average monthly replenishable demand, calculated
over the preceding 8 quarters. Thus 24 M equals 2 years' supply.

2/A pusioM.L explanation for this starting point is that the Vable was
constructed in the East from where the West Coast seems vWry far off.

I/rhe intermediate pack size is the mininim numnber of package. of nater&44
which will be moved in an intraservive redistribution. Thuss if flY' p41
fit a packing case of convenient size, this is the minlima the Navy will
send from one activity to anothwr. The rule is w nasareris pa4• p
(%mwt) tiLme intersdiate paek is ttw movement amantm (see exc.ption In
discussion, of A below).



All activities with ruquirements in Area W will be satisfied as

far as possiblo bafore orous-haul (oast to wast shipment) possibilities

are investigated. Similarly, all possible requiremunts in Area H will

be satisfied before oross-hauls are attempted. This is to* pralude move-

umnt of material from tho odast oo.4st to the west coast while loaving an

unfillod reqiuimmnt on the east coast.,

Case 3B. If the system "xoss is 23 M or less, starting in

&rua W, the first activity with a. requirement is, if possible, filled from

activities in zones lA and/or in lB which have shown no curront demands or

no demands in the past 8 quarters. Tho intermediate pack size roqvirement

is disregarded for this step. If this dous not fill the requirement, the

requirement is reworked into multiples of the intermwdiate paek (rounded

off to th;ýi htxt highur unit). Then, the procedurc trios to find an activit

in Zone lA. with sufficient exce-ss to fill the requirement. If not sucsess-

ful, it attempts i. partial redistribution, cincellin the remainder under

tho unit times intermedi•itv pack rule %s in 3A. Tht rvmaining steps

are simil-ir to those in 3A.

In :ither cast (3A and 3B) thure will be another realloeitlen

computation for all itums with contricts outs•t.nding or a procurement

calculation will be undertakun to suo if thtse rudistributions have altwmd

the reorder point.

The differences betwuen thvse two ways of using the prciamit.

table reflects this kind of thinkings Whcn over supplivs are genurally

great (3A) the greatest excesses should be eliminated first. But wherwever

supplies are generally small (3B) om- should try to alose out bin

(i.e. remove stoek from activitioes wich have experienced zero deand fo

the last two years). When this does mt work, then ans should rewvt



to the 'otivity with ,ro-Atest exeoss no mAttr the level of its arreat me.

It should bo notud that only when aictivities with saro demands

in 3D are involved, is the rulu that moves should occur in intermediate

pack si.e units violatud. This is to allow rl- of the balanee at the

activity to be shipped out, and the bin to be closed.

SThe 1'roximity Table

From its njami, it would appear that this table representv an

aligmentof consignors and convignces that are near to one another. G.netsll

this is the casO, as an exarmination of a map will show, Bt the .present S

program is a translation into machine operation of whit was previOUsly don

by clerical review. As a consequence) the proximity position. of certain

pairs of activities are modified from what they should be in terms of

either strict geographic distance or shippini cost. The proximity table

thus clearly also takes other considerations into account. These may

involve retraints upon the selection of activities which are in proc..

of being liquidated, assigned special missions etc. In other words, the

proximity table is a portion of a program put together from the logic

of previous operations, rather than a piece of objective inferamtion.

This is brought out by companrinj tVe current proximity table with

an actual distance and a minimu', rhirping cost table as shown below:
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wURnTW SM PRCUU4ITY TAML
VMIMUSI ýMEAOE AND) L&UST .. AOM

TRANSPORTATION TABE /

TO ORG ..

Current Proximity Table............ 72 73 75 70 '74 76•[ila•.........,.... .. ,.........,......... 2 75 73 70 74 76

Least-Cost transportation,............................ 73 75 72 7h 76 70

/Crm•rnt SMC Interral Instructions ih4O,35B I Dec. 19%B *An Ealuatiem
of Redistribution Decisions For General Stores Material* I Feb. 1956,
Bayonne N.J. Tables S & T p.p. A-37; A-39. complete tables appear in
appendix C as Tables III - 1,2,3.

In the first table, it is evident that Pugot Sownd (71) is cloer in smles

to MLC Oakland (75) than it is to MEY San Francisco (73). In SCC=sI'iw

it appears to be better to remove excesses from an industrial establishuft

(a mvy shipyard) before they are eliminated from other activities. More-

over, it is desirable to remove stocks from activities with zero demand

q,uiekly, and 73 is more likely to satisfy this criterion than is 75. It

is to be noticed hoi the clerical logic has been adopted by the machine*

Looking now at the last line of the first table it is clear that

it is less expensive to sh0p to Puget Sound from San Francisco (7j) and

Oaklanri (75) than it is from I-Lire Island (72). The fact that these

potential cost savings are not taken into account in the proximity table

orderinC of these activities must reflect STC experience, in the light

of its dcsire to close bins, to give priority to shipyards in removing

excesses. This is more striking, when the position of Clearfield (70)

is considered in this com• riuon. Both SFCC and the mileage table put

Clearfield nearer ?Wet Sou-m than are San Diego (76) and Lo Ues•h (7t4).

But obviouslys hauling over the mountains must be more costly than hauling

material along the coast from a point as far distant as Sfa Disge. Ia

its present arrangement, STC must have been mm impressed with distanoe

than bin closing or perhaps larger shipment posibilities vhon ft Pu

Clsarnild so high in ts sequenue wrer 74 and 76.
@ .. 1.



TO FROM

MARE LSUND (72)

Current.1 rtoxdoty table............................... 73 75 74 76 71 70K Llage................................,...75 73 7h 76 '70 n'
Least-cost trensportation..............,e............. 75 73 7h 76 70 7n

In the second table, in which Mare Island (72) is the caaignoe

the prcoimity table places Puget Sound (71) before Cloarfield (70)p a clear

difference between the mileage and cost ordering. Here removal of excess

and bin closing must be the important reasons.

TO FROM

Current proximity tatlc....................... 82 90 88 83 84 80 91 85 86
lea .............. ......... ,............... 82 90 88 83 84 80 85 91 86

Ieast-cost transportation....... .............. 90 82 88 83 80 84 85 91 86

The comparison for Portmsouth (81) (the lower table) shows

similar disparities among the thrue sequcnces. An examination of

material relating to the Bast coast instnllations indicates that its

ordering sequences resemble that of tho Ve-st Const.

Some interesting varintions are fouril in the Bist-West hauls.

A few examples are given 1clow:

CURF&I,.rIr SPXC P4ORI1ITY T,,7,Lr
V00,1SU1 3IL. AND I.,2T-C.ST

TRARIl''OI :,AT ON TA,1 L;ESI/

TO FIOM

Current proximity table ............................ 70 714 76 75 73 72 71Milag.................... .... ........ 70 74 76 7n 75 73 72
Least-cost transportation........................... 70 72 73 75 71-7h 76

TO MottLO• n', j:CI (7-1)

Current proxi.ity table.................... 86 80 91 85 84 83 88 90 82 81-
Mi.cagge.................................... 86 80 85 91 84 83 82 88890
Least-Cost transportation.................. 80 82 83 84 85 91 88 8 1 41

1/op. cit.



Notow-tf in this pair of comparisons i, the fact that in the

Procildty table Charleston (86) mut first have shipments assianod from

Clearfield (70) and then from Long Boch (74) in their exact s.leava

sequence. Similarly Long Beach (74) first hMs shipments assigned from

Charleston'(86) and then from liechanicsbur, (80), Long Beach and Charlestom

art bason for special-kinds of equipment (such as mine swepers) and uisht

be considored to have need for the same kinds of material. It is marked

by the departure from the croes-haul -attern which holds for othor activitie

under which East Coast intrtallations first receive shipment from Claarfiel4

anm' West Coast installations first receive from Mochanicsburg. The only

othe: exception is Skn Dicgo which receives first from Charleston, and than

from Mcchanicsbure.

Thi's discussion luads inevitably to the conclusion that the

proximity table serves a vnricty of purposes only one nf which is the

objective of movinr matcrial bctwccn the two closest points. The other

purposes of the table anke it rcci.sry to alter the position of a part-

icuL-r activity in a "proxcimity" scqmncc, thus increasing or decreasing

its chances of boinr a consignor.



nl. Modified LiUnr rro?.ramming, _tthnMtical Sujlement

The preceding sections have reported the course and conclusions

of the prosent study, The purpose of this supplement is to supply certain

additional mathematical considerations which are relevant to the investi-

gation. Since the resaarch involved a rather thorourh survey of the tech-

niques available for solving transportation problems, the results of this

survey will be included. Due to the need for approximate solutions and

the importance of the fixed charges in the present context (explained in

sections II and IV above), much of the literature is not directly appli-

cable. However, in other situations different methods are certainly more

annropriate and this compilition of methods may be of some use.

1.ithin the field of linear progrvmmning the transportation prob-

lem occupies a special jvsition. It has the lon',est mathematical hictory

(see, for example, L_7 or 07 for transportation problems in disguise)*

It was formulated ar n practical probler, before the term "linear programmnin

was coined (see [37, 117, 527). It covers, 1'y inpenious interpretatioa,

a greater rati.e of proulems than any oUler type of proeram (seep for examplej,.

7v6nJ7 [/IJ !7p Z-9J7p ZT7, /Ti,7). It iins bo-en solved in more ways than

any other type of pro..pm. . Our first task v.ill be to classifýrr these methods.

i"or tttii; classification, we shall take the problem in its simplest

mathematical form. Ihis will avoid formal complications; however, it shoulA

be noted that n, st of the methods peneralize easily to the various exten.-

vions of the problem that have been considered. Precipely, the problen to

be solved has the form:
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Minimize the llnear form

m n

(1) ~ j.J l•x,

subject to the constraints

(3) z Xj,• - L'i (i-4,...,.)
(12) X 0R

(7) xi~j. Rj J-yl,,.n),

where the unit tranportation costs Ci, j, the excesses and the require-

mente R ate given data. e••re.nll assume that Bi Op ij 0, and Z B

• , .•i~ce these are nicessary and sufficient conditions for the problem
3

to have a solution.

lo]. U'ACT A"TII>THE

All seriously competitive algorithms make essential use of the

followir4  dual progtram and dualit- theorem (see LP2 orf;7

i~axinmize the linear form

(5) k; .i2i R3 VJ
i .1

subject to the constraints

(6) Ui • v .ci,j (i-l,..,e $elm; ... ,,6).~

Theorem 1. The quantities XI.j solve the transportation proklem

if and only if they satisfc.Ir (2), (3), and (L) and there exist U1 and V3

satisfying (6) such that

(7) >1, >0 implies U + V -



In all of the exact-methods proposed to date, at each stage of

the cc .o atation, variables Xj,j , , and Vj are present satisfying some

subset of conditions (2), (3), (W), (6) and (7). The violated conditions

are then used to alter the variables to improve onue of the ob~eotive funs-

tions available (sa (1) or (5)).

Primal Methods, In the methods of this class, one always works

with quantities XiJ which satisfy (2), (3), and (L), that is, with

feasible X it. Then Ui and Vi are determined so as to satisfy (7) as well.

* The violation of condition (6) for some i and J calls for a change in the

quantities Xi,j so as to improve (1). This class includes the Simplex

Method L/17, the refinements of it due to Flood 7 and Gleyz=l /167, am

the version of the Simplex ••ethod popularly known as the Stepping Stone

Method L.Z7.
Dual Methods. Herc one works with Ui and V3 which satisfy (7)

in combination with the current choice of the primal variablus Xij. The

original alrorithms of this class were devised for a special case of the

transportation problem and are called tlh- H ungarian Method (see 1 axxi

L27). The most practical versions for Ilic tra.nsportation problem are due

to Ford and Fulkerson (see /%7, 721, /f27, L5"'71" bowver, essentially the

same ideas have been proposed by a nunbcer of authors (Zij7, Lf27, 12')-

Threshold and Feedoack •,ltods. The method originated by

Gerstenhaber /7 , is based entirely on the dual variables Ui. These de-

termine Xi, j by neans of intuitive "purchasing policies" for the activities

with requirements which satisfy (2) and (4); violations of (3) then dietate

the new choice of the Ui. As an approximation method this is known as the

Rwsho•ld-Subaio Method. A further modification, called the Feedbek

Method, was proposed L .



Analmsa and O1.Aiical lietbegs. In view of the fact that the

exact machine progras are extraelr fast. aecurate, and aeeomodate very

large program, very little attention* has been paid to analogue and graph-

teal methods, A string-pulley arrantgent is deserlbed in Lj and a

pivot-bar device Is explored in &37 However, those can never be competi-

tive in situations such as the applieatign under consideration where saped

is essential. A crucial feature to be noted is that theese methOds do gt*

introduce new theory but %erely mimic in a *eehanical setting the methods

used in the didt-al machine programs. The same eenclusions apply to the

graphical methods examined in 5117 and lf

Dynamic Programine., The application of dynamic programing to

the transportation problem as proposed by Bellma in .Z3 has one fatal

defect. It cannot h3ndle problems with more than three activities in

excess or with requircments without a prohibitively large amount of eoeowter

time and space.

In conclusion, our survey of the cxact algorithms for the trans-

portation protlem leads us to the clear fact that there are only two cur-

rently competitive methods which have heen tested thorough•l on mnrW preb-

lems witbh readily available codes. The fir.; of tiesv, i£ the Simple-i Method

(alias the Stepping Stone i,Žthod). This method is available in ready-mae

prorraiw for almot all scientific conputers; the SHARE ProgrAm name is

NYTRI. The second method is the Ford-Fulkerson variation of the Hunearian

Method and is aytilable as S.. code "IB TFL, the Transpot'tation Proble--

Flow rkethod4" SRE Memo PA. 16&. Partdularly for large matrices, tbis

proeusenetfo~rds substantial, nais is- tuim over ffTIU. Hownere for the

P'S"Ant ftPP24*itiemt t he Pfioblems ft.% Glearl tfo small aWA the Wtoerata

tim amd goan. %t. U"W. -to all 4"rth to be us"d.



2. APPW)XI.(ATI 'OHODS

Very little work has been done on approximate methods prioe to

this at%* (thte work of iaeuthakker 47 is almost unique). This is not

srpriszing in view of the satisfactory state of. the exact methods classi-

fied in the preceding section and the fact that vry few organizations have

a quantity of problems so large as to necessitate approximations. The

natural placc to start was the methods for constructing initial feasible

solutions for the Simplex Method. These are described in detail above in

Section V 7-.

In this section, we shall record one relevant theoretical result

which has, however, not been incorporated in the calculations. The reason

that it has not been used is that, although it is fairly effective in we-

ducing the transportation costs, it has the unfortunate effect of sometimes

increasing the number of shipmints. In common parlance, the result statues

"Never use routes which intersect "; it is based on the following explicit

solution of a 2 by 2 transportation problem:

Theorem 2. Consider the 2 by 2 transportation problem with datas

E 12

1;2 (C201 C2,2
E Cltl C P2i

Suppose C1 , 1 + C2 #2  < C1 , 2 + C2,1 and that 1, R1 . Then the following

distribution is the u solutions

(X2o X2,92) a (R " e-

Proof. This distribution is clearly feasi~ble and 91 a4.2,,l

U2  .0101 0V1 C1,1eC 24 , -#V2 -C11 .1.C 2 "2 satisly Theorem 1. IV

assmptonU1  V2 a C 1 .022..C1 £C 12 and the soluation is AIM

&"UM Ont 91 V Cls + C,,2 -C6j C'



To derive our Prohibition against ft~ro.s4WhM1Adg.S MW AeeA 00

not's tha~t the sem of the diagonals of aOy padrilaveal to Alwars greater

thanm th am of *posits a idesb

A

Let the amounts shipped on this subgraph be

\ .XCB XCD 2
and assume that a cross-haul has been made (i.e., that XD>0 NW X '

w May assume that r~ -XAB + XA I )-AD * kB.~ - v ithoutUse of Cesar-

lilty. Since thr costs satisfy the aruauption of Theorem 2, the =iq~w

minimat cost a*olution has XA) 0, wihich is a contradiction.

3. 7,iE FULD C' A~rE PR'OBIDF4

Any theoretical attack on the fixed charge, problem must start

from the two theoreti cal rcsults of Hirsch and *Dazatzig MI

Theorem 3. lf the uanderl~ying transportation problem is 410110

degenerate,, and thes fixed charges ate positive and eqa *a all routes,, *an

ay baksic eptimal distribuatimn ( Ise, with a & -I rout"s 1^ 1;6e) for the

underlying tioneportat isa problem wfl. selve the fixed sharps Preblam6



Theorem J.In the gene~ral cABse where-the fixed charges may vsv7

from route to route$ an optimal distribution may always be atchieved as a

basic feim~siblo distribution (although~ not necessarily optinal for the Under-.

l.ying tra~nsportationi problem).

These results suggested an attempt to use an approach aa~u

to the Simplex Aethod, examing naoibborinig basie feasible.,diatribut4we.

The following example exhibits the difficulties inherent ina such an

approach:

C2 92  '%38 5 3

:lCol l 2 C,3/ 9(6 25 1

Toxibit tX 1 (2 K 113,10

To xhiitthebriicfeasible solutions Fraphical1.yp e x X

and y X192 Then the feasible rc~cion is shaded belowt

............. .. .....

AN3

'3



The =Utrm e foastbl. distribution are tabulated belm

D m Q ) o : u( 0.:.):

The 'total coats are as follows a

A: 67
3: 66
C, 65
Da 67
E. 66

Thus E is a local minimum (the neighboring basic feasible distributions am's

A and D) but is not a global minimum.

It is inevitable that there can be no general theorem assurin

an optimal solution covering, the degenerate case, oven when the flzed

char'ges arc conetant, if2 the basic computational routine is approxim~ate

However, somtwhat trivially, we can be sure t1kat we. are moving in the ni4t

direction from a current approximation. This result will be dignified with

the ntae of theorse althous h it is little more than commn sense.

Theorem S. Given a fixed charges problemn with constant fixed

charges on all routes. Let X1,3 be a distribution with average transport

cost A involving N shipmnts and let XI, bt. a distribution with average

transport cost A with 1< N shipments. Thnin X* involves 1... tetal

cost t7an

Proof: ate total costs isvolvea are

± ±

Howver, smewat rivall,, e cn e sre lia wearemovng n te r6 t



eCall that a degenerate distribution is one in which fewer than

FA no-l routes are used. Such distributions are possible if and only if

'there are two subsets A and B of the excesses and requirementsp respectivelyp

such that

On the assumption that the average transportation cost resulting from the

approximation tWchniques used is not changed significantly by slight alter-

ations in the excesses and requirements, it is clear by Theorem 5 that

forcing deg.neracy decreases total costs. Two complementary remarks must

be made in thin supplement.

The first deals with the difficulties involved in recognizing

rathcr th-n forcii, duuneracy. A roulti vstimatc of the number of compari-

sons necdvd to chvck th•t equality nbove is provided by j (20 - 2) ( 2n - 2).

(This is mercly thu numtxr of non-trivial subsets of excesses compared with

the number of non-trivial subsets of requirements. In one case, only one

set of vach complementary pair need be used; hence the factor of J.) This

estimate can be r.duced som'ewhat by a partial order of the subsets involved#

building a substt one elemcnt at a time until it exceeds or equals a given

comparison subset from the other class. Thus, we need never go past the

point where the comparison substt is exceLded or equaled and a large number

of comparisons are avoided. At best, however, the number of compar•sons Is

.prohibitive as only a part of a larger routine.



The second observation deals with the method adopted for fomc4

degeneracy. In any method of constructing a feasible solution wAich adds

one shipment at each rstaf., in order to achieve the total of a + n-I ship-

ments, it must exhaust exactly one current excess or fulfill one current

requirement until thc last stage, Then, duo to the balance equation

Z *i a Z Rj , both an excess And a requirement are cancelled. The method

for forcing degeneracy proposed in the main body of this report is based

on the fact that it cancels both an excess and a requirement with one ship-

ment. The alterations in the givcn excesses and requirements are bounded

by the factor A . This method is only the first in a class of methods ia

which higher order comparisons are made. E.g.,, we could asks

Is i+ E2 -R

If this holds, we would incrcasc both Zi and E2 by an amount less than or

equal to A and force a degtneracy. This is illustrated in the fellowing

example:

"R I 8 7

E1  1,ad. h1e2 3 4d 0

E;2 (X2;l X2 ,2  0J

L3 X3#1 X3t2  0 0

F%~ Xl X, 6 0 7

ler E, E2 and E4have been inrae y A nd EK3 deleted,

Thesw higher order partial sums. Ar not recommended for two

reasons: (1) they require mere oomplicated progrmina than seem feaiblo

on the IBM 705 and (2) the order in which the partial sums are eonst ated

is unlikely to coincide with the least east entriea which an. at the heao

of SHLW.
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APPENDIX A

The Lmplt. of Redistribution Prblem

Originally SPCC instituted the tabulations from uhinl Aldoreon

Assoctrtes developed its sample of problems on which trial calcalations

were rin. In the eight years, 1952 thna 1959, 85.59 percent of the value'

of SPCC replenishablu demand oocurrod among 13P630 items* While this

Lnvolves only 12.09 Nront of the number of line itews issued, it accounts

for the bulk of the dollar cost of replenishablo demand during this time.

Thtse 13,630 items are the rbust sellers" from among the 112,668

for which ono or more demands were registered in eight years. We can

assume that, being "best sellers*, they are among the most -etive in the

SPCC inventory.

From shipment orders (records of redistribution actions ordered

by SPCC) covering April 1959 through September 1959, these "best selling"

it.:ms werut m-itchvd with all redistributions affecting thva. A printout

of miny thousands of items resulted. From this printout, 100 test cases

were selocted in thc following mannert

Two &-ites were selected at random from the reviyw puriods covermd.

They corresponded to thu Supply-Rmiind Review of the 46th week of Fiscal

Yu-,r 1959 (on or :.ibout K-y 19, 195 9 A/ and the second week of Fiscal Year

1960 (on or about July 9, 1959).

i/During the Supply-Demand Review of week 46 of FY 59, 6,870 redistri-
butions were recommendud by the DPJ review. Of these 2,132'were "hpd.
by clerical action, or 31 percent were either cancelled, partiall "a.
celled or in other ways altred from the machiu ieooiMeatiema. Per
this review., 23,722 seprate tations were resmmeanded. Thse re.dit tiew
were. about 29 percent of the work load.
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From this saile*, the first 100 rediutributionA snowAtered

which were of sufficient magnitude wre selected for the testing ef er

procedures. A distribution was considered of suffiient msgdtuds If

it satisfied all three of the tollowing criteria&

(a) it involved three or more .consignor activities

(b) it involved three or more oonsignee activities

(c) it involved seven or more activities altogether.
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APPENDIX B

Status of the Relevant Data

In its assignment Alderson Associates was not asked to develop

aWy of the requisite cost data. These were to be obtained, insofar as they

existed, from a variety of sources. It is appropriate therefore to coement

briefly on the nature of the fires which became available to us. In

suwiarvr it may be rurarked that there is still a lon, way to go before the

available information can be considered at all satisfactory.

A. Transportation Cost Data

Dy and large, most of the computations were based simply on dis-

tance tables rather tha any direct transportation cost calculations. Those

firures havL the. advantai-e that. they arc re,-4dily available. they are straight-

forward and accurate.

Of courst,tht, objective of a redistribution calculation is to save

on transportation costs, Aot on mileage coveredand clearly these are not

itt~rchafj.- lc data--freirht rates have their own peculiar structure which

ir; not rtndil,' explainnble in terms of distance alone. It would therefore

!iave bricn dt-sirablv t~o employ cost rather than distance tables in the rinal-

ysis. :-Icwever ndequate transportation cost firures are difficult to come

'y for a vrariuty of rcasons°

1. Costs will vary by mode of transportation, and special rates

apply to less ths,,' truckload and less than carload lots. ,Moreover, the mod*

of transortation employed is out of the hands of SPCC. Once a distriba-

tion action is ordered it is up to the base transportation offiser to dater.

mine by what means it will be shipped, whether it will be combined with



other shipments, etc./ Thus SPOC never knows the cost of any prqosed

shipment in Advance and no cost table can be made up which gives a firm

figure for the cost of shipping a unit of item X from activity A

to activity B#

2. Cost of transportation will vary from item to item This meas

that, ideally, there should be a different cost table used for every item in

tht systknm Clearly, this is out of the question, The dats would be far

too exponsive a;d difficult to collect, and the computer simply could not

cop%. with so much information in its review calculations.

3. It was therLfore thought desirable to break items into groups

with compar.-bhl. transportation costs. (R{ has assembled information from

which ovurall cost data wt,.re obtained b-y different federal stock groups. In

particular, •tth the help of OH,•txpvrim•ntal cost tables were constructed
for the follo:inr 11 ftvduril stock r.rop2/

Dcscription

10 iio-apons
20 Ship ind anrine &4uipment
28 1gin••, Turbines rud Components
2L 1hnpint Accessories
143 Pumps and Gomprcssors
V8 Vnlves
53 '!ardwart- and Abrasives
.g EIL-ectrical and Electrical lzquipment and Components
61 Electric tirc, Power and Distribution "quipment
62 Lighting Fixtures and Lamps
66 Instruments and Laboratory Equipment

1/S"'CC indicatus the urgency of the request. Items needed badly ge$
priori ty transportation.

2/Iters in thesc catugories made up 85 percent of. SM ordered redistri-
butions for period Nov. 1958 - Apr. 1959.
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However it soon became clear that this was not an appropriate aggregation

for present purposes. For examplo, Federal Stock Group 59 contains elec-

trical and cluctronic equipment and components. There are 20 classes such

ass 10, Capacitators; LO, Luts, Torminals and Terminal Strips; L5, Relaysf

Cont•ctors ind Solenoids; 75, Electrical Hardware and Supplies, and; 9 9 #

Misccllancous. Items within this group include:-/

Federal Stock Number Nomenclature Weirht Cube Price
(in pounds) (cubic feet) (in dollars)

HF 501O-695-43UI Capacitator 9.MO .146 38.50

HT 59b0-28L-4977 Terminal Box 9.5o0 .3J 15.50

H.F ••,5-237-L678 Ehvctrical Contact .15 n.a. 075

H4- !4975-31'ý-h14f Plug Vt~uffinr Tubt .10 .005 .23

4IF 590o-025-6379 Connector Switch n.a. n.a. 7.50

HF 509o-OQ6-27l5 10.75 .305 L7.00

-;F 5cQ0 - 197-14 96 1 5 ".00 .007 7.50

n.n. Not available.

niis indicatts clt,'.rly thAt. transportation costs will vwry con.

sidurably fron itum to item within such a group, so that it will net providc

nn P,)propriatt hasis for dLvclopine a small number of representative cost

tablcs.

In sum, transportation cost, tables which arc satisfactory for

rudiJntribution computations have yet to be developed.

I/Information from OSSR page.



B. Fixed Charges

As is to be expected from their very nature, data on fixed charges

am even more incomplete than those on transportation coat. In practiee it

is not always possible to identify a fixod charge from accounting reeors.

Whc.thar n charge is fixed or not depends, ultimstelyp on how it behaves

when the scale of an operation is varied, and this therefore often eannot

be deduced from observation of a piven state of the sy8temo

Our only informntion to date on the magnitude of fixed charges

comesto us from threv specific sources:

1. "A Proposal for Reducing Redistribution of General Stores

Material," BUSANDA Project Ho. NTOOiWlO* 25 Feb. 1955.

Ba.yonne, N. J.

2. ALRANT) reports SPCC.

3. Progress Report No. 2: "Prelimimnry findings N4 Quonset

Point, R. l." 11 Dtc. 1959, Dunlap and Associates, Inc.

(and notes of report presentation by Dunlap in Washington,

29 Feb. 19o60.)

Costs which nr. fixtd n.:r line iturll/ regardliss of size of ship-

ment wr.rc t.imrtcd -t ,3.69. This fiaurv cm,. from lhc f'irst source above.

It consists of pptrwork costr.

ThL procurement fixed costs were either W3.15 per line item if

initiated by field activity or $4.18 per line item if initiated by 0SO,

for local procurement; and were $18.08 per line item for central procure-

mente

_VA line ittm is the stock positien of one item At one activity.



7he AMEID reports from SrO give us the following values for

fixed costas

1. Procurement costs $25,00 per order (documents not lille Ite")*

2. A holding cost of 10 percent.

3. An obsolenco rate of 20 percent.

i. A shortage cost estimated As the square root of the unit

pricep, or durived from allowable risk, or.on the basis f

the Navy' aAccounting system for ships And operatio*w, or

the pure judg•,ent of several specialists compared.

5. A figuru somttimus called the "honking" charge, or the

amount it costs SPCC to track down and eliminate a HIS

or )otvntial NIS situation, thought to.be $12.00.

6. i;n LstimAtcd 09.00 per lino item from Code 710 for a

rcdistrihution action for SPCC costs.

The Dunlap rport isolated costs by departments of the Nývy supply

operation at thL bases at. which th(ey did their work. They. found thnt the

majority of the cost totals were fixid ovtr rather wide volumes of redistri-

bution actions.

Th•y also found widc diff'•r'ncus bctwci:n the cost of processing a

supply action from one base to another. This cost differcnce was, in soe"

cas, of th( order of 6 to 1. 7hese costs wre in tcrms of dollars per

line Item, and the basic differences came about because of the different

missions assigned the base in which the supply function was operating,

In the long run, the cost function was found to be a step-cost

curve. Additional personnel are employed or reductions occur as work bind

change in marked degree. In the short run thcre are no marked changes W

number of persons employed. However, for such periods, Danlap identified
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an additional fixed change factor, that of increased waiting time which

results from the hAndling of additional documents or line items. It is not

too clear from the availnble data whether or not an increase in the mnmber

of units distributed, while keeping the numbers of redistaibutions constant,

would have an apreciable effect. Such an effect would doubtless be felt

in somni portions of the work of the base such as the breaking out of invon.

tory, counting, packaging, etc. Waiting time would appear to be a cost

which is fixtd with rt.spuct to the number of itums shipped for functions

such as control, record-keeping, inventory balancing.

The Navy works on appropriations for fiscal years. Each operating

unit gets a rpther fixed ntmount of money to do its work for a year. As a

rc~ult, the total cost of. the Supply Department at HAS Quonset Point for

fiscal year 1959 of 2.7 million dollars,Y-/would limit the adjustmonts

which could be made in personnel or equipments in the face of increased

redistribution actions.

C. Costs of Procurument

Most incomplete of all is our information on procuroment costs.

Herc the data problem is inherently so complcx that there seems to be 11ttle

immdioti prospect, of improvwment. Procurewnt costs are highly dependent

-4 the sellcr from whom an itum ir being obtained, .his geographic location

in rtlztion to the activity to which delivery is to be made and the levol of

prices at the time the purchase is made. In addition, since a purchase adds

to the system inventory, discounted carrying costs must be added to the

purchase and transportation cost of' the item, wheret the appropriate iimmsot

i/P. 7. Dunlap and Associates Report No. 2 O. Cit.
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rate for the Navy supply system is by no moan, obvious (c.f. the disossm

of thu procuro-nt cost coefficient In the model in section IV above). The

available estimtes on precureamt costs come from the earlier Bayam

study of redistribution refwrred to in section B, above. SPCL .uses as

Cstimated $25.O0 per documnmt. Dunlap reports only.on activity soots

aseociated with the receipt of procurtments, .leaving the vast area #f

SDCP coste of procuromwnt for a latea study* At any rat( it is clear that

theft costs arm not avWrlable in sufftioint detail and In a form wheih Is

suitable for a oombined procurement, redistribution and reallocation

computation*



AP•INDI'X C

Table I.-4-WI43. OF SHIY*;NT ROUMkF RSQUIRM
BY DWIFLUT SOLUTIONS-8I?1PLaX P,"O=

Problem Alternate Solutions Shwing
Naber Number of Routes

1 8, 8
2 153 11,11,11
148
5 99, 9,9

6 9
7 9,9 9, 9
8 8,8,8 8
9 8, 8, 9

10 12

11 9
12 6
13 8,8
1U 9, 9, 9
15 8, 8, 8

16 6
17 6, 7
18 6
19 8, 10, 9
20 8, 8, 8

21 6
22 11, 11, 11, 11
23 9, 9,9
21, 6
25 7,8

!6" 6
27 6
28 9, 9,9
29 8
30 is, l4, 14, , 14IL

31 , 7,8, 8
32 9, 9, 9,9, 9, 9, 9, 9, 9
33 6
314 7

uaxim= total 288
MAia. total 202
Percent difference 2.1

79



Appendix C

Tablo II-A,--T)ANSI)RTATION "*MST"
It ALi'hMMNATIVE SOLUTIONS

(In 000'a of item-miles)

Problem Sp0r
-lor red S ump lox S NA L O YA M P roaaim .t , , F e rcad

number shipment8l method method method table degeerac

64 60 60 60 61 59
2 279 235 247 285 246 25
3..... ....... 4 157 4,095 4,157 4,151 4,112 4,157
S............ 5,o406 5,352 5,365 5,363 5,1408 5,365
............ • 2,912 .2,870 2,870 2,923 2,905 2,870

2014 160 161 178 171 162
71........... 1,615 1,1b0 1,610 1,616 1,629 1,617

417 3Y6 37 .389 417 . 390

9............ 7,000 6,987 6,999 7,030 7,065 60999
10O.......... 10,859 10,644 10,646 10,727 10,808 lot6(

156. 156 135 136) 1142 159 136
1014 98 99 103 99 99

59 58 58 58 58 58
........... 129 127 128 127 128 128

15.... .... 01 757 763 761 601 76)
2o04 201 201 227 201 203

30 29 29 30 30 28
73 72 72 73 78 72

19 ......... 61 58 59 59 59 57
111.. ... 110 n4 no 111 113 ill 107

21 .......... 280 231 231 257 2b0 164
2222 ..... 20.1 2141 2142 242 241

231 ...... o., LO 39 U1 40 46 40
24 .......... 43 39 4O 14 LO 140
25........... 250 2L9 251 264 250 251
26-.. . 090 . 247 242 245 242 247 258
27...1.... 4,916 4,912 14,913 5,541 4,916 4,913
28 .... . 849 848 848 849 849 854
29.......... 853 816 816 821 808 816
301 ........ 489 378 379 379 468 371

3.. . h89 482 483 483 482 488
851 795 795 795 795 795

33 ... . 94 78 79 79 814 83
34 ..... 252 249 249 250 252 249
35 .. 83 82 83 85 83 85

166........... 136 135 136 136 136 136
S37.......... 3,3140 3,197 3,286 3,197 3,2W0 3,R86

8.... ..... .. 1,428 1,420 1,420 1429 1,428 1,1
39........... 17,961 17,641 17,841 17,950 17,057 17,08

o431 429 429 435 WU1



Appundix C

Table II-A.--TRANSPORTATION *OST"
POR ALTERNATIVE S0WTI0?G(Contumd)

(In 000's of item-miles)

Problum Spc Simplx SMkAI VAN Proximity Foroud
numbhr sh dnts mthod mxthod method tablu dogentrocyshipentsmethod

230 227 228' 232 229 230
h2 ......... 27 25 25 25 25 24
03 ..... 0..778 777 791 796 778 799
L .. 26 24 24 24 24 23
b... -. 114 113 113 11U 113 112
46. 379 364 365 367 379 365
09 .... .... 139 138 138 138 142 138
00690966.. * 82 82 82 82 82 82
9.....*.... 21 21 23 21 21 23

500....... 13 13 13 13 13 14

51 ......... 61 61 612 61 61 61
54 ......... U2 423 .423 L25 423 03.
53..*. ..... 67 86 86. 86 87 86-
.... 20 19 19 19 20 20
55......... 3,391 3,361 3,031 3o575 3,391 3,,431

572 572 572 579 572 585
57...•..... 269 268 268 269 269 268
58......... 33 33 33 33 33 33
59 ...... 73 73 73 73 73 73

114 113 118 1'16 114 118

61...... 3,860 3,853 3,853 3,864 3,854 3,855
62 ....... LO LO 40 ho LO 40
63 ....... 993 993 993 993 993 992
6 ......... 16 15 16 16 16 1465 ........ . 12 11i 11 ii. .12 11
66 ......... 486 472 473 467 486 502
67 ........ 7 7 7 7 7 6
682.......4 2L5 244 2L4 246 25 248

37 37 37 38 37 36
260 260 260 260 260 .260

7l ........ 162 161 161 163 173 "1 .
L2 h2 02 43 43 42

73......... 499 498 4"9 501 499 499
7ho......o..156 155 155 155 155 152
75 ....... 2,901 2,901 2,902 2,902 2,01 2,92P
76........4 483. 483 483 509 50 443

*77*....*.. 1,759 1,759 1,871 1,812 1,759 1,871
78......... 92 92 92 93 93 69
: M.828 828. .88 W28 28e

61 61 61 61 61 62

"• .I



Appendix C

Tablo II4.--TR1SP•RTATION kCCSTW
FOR ALTERNATIVI SOLUTIONS

(Continuud)

(In 000's of itum-milus)

Probleom o Siplax SM VAM hvmp "reoa

nuW.r ohrdened method method method table & thod

810.066-14 . 10,796 10,796 10,796 10,901 10,796 10,796
82......... 393 393 393 416 393 393
83@o**......70 70 70 75 70 70

64.....242 202 242 2h? 242 242
852...... 23 23 23 23 23 23
810....... 0,356 1,356 1,356 1,358 1,358 1,356

M. . 86 90 86 B6 90
8-6.6600 932 932 932 932 932 932

89 ..... 7,902 7,902 7,902 7,916 7,902 7,902
24 24 24 24 24 29

91 .... 0..6 65 65 65 65 65 64
92 ......... 219 219 219 ?19 227 219
93 ......... 117 117 117 117 117 117
9L ......... 232 232 232 232 232 232
95 ...... 1 4L 14 14 14 13
96 ......... 80 80 80 80 80 80
97*.........27 27 27 27 27 27

1 ......... 1,519 1,519 1,519 1,533 1,525 1,519
99......... 837 837 837 863 837 837
:0000..090 48 e8 48 48 h9 49

Total2/.. 312,713 111,s453 11,868 3,161 112,319 111,925

I/Slight differences may uxist because of rounding.



Thble 11-B.--PERtG3TACK =ESS Or TUA.SPORTAT1ICK 006T
OF ALTmERATIVE SO.LUTINo OVM

OPTIMII (SIMPL.R) SOLUTION

(In percent)

roblem Sp Forced
Prroered YAM Praxigy degenuracynumbers Shipments method method table method

1........... 7.2 0 0 1.3 .0.6
18.3 Le 1.3 1.7 6.2

3........... 1.5 1.5 1.1h o6. 1.5
4........... 1.1 0. 0.2 13 0.3
5 ........... 1.5 . 0 1.8 1.2 0

.......... 26.8 0.2 .1 6.h .2
71........... 0.3 0. 0.3 11. 0.3

.......... .7 0.6 7.7 0.9
00.......... 0.2 0.2 0.6 0.1 0.2
105..... ..... 2.0 . 0.5. 1.50

17.......... 15.5 110 5.o 38.0 -.0
12.......... 5.5 o.3 5.2 0.3 0.3

33.. 7 * 0.3 0 0 o -
. ....... . 1.6 0.5 0 0.5 3.05

15 .......... 5.1 0 0.5 5. 0.9
16.......... 0. .7 0 13.3 0 1.1
17.......... 3.0 0 1.6 3.0 -0.8
18..... .... 1.3 0. 0.2 7.9 0
16.......... 21 3.71 0.5 o.5 -1.8
202.......... 2.1 2.0 0.5 -3.0

21.......... 21.0 0 11.3 21.0 -2809
22........... 0i. 0 0.5 0.9 0
231.......... 0.3 3.6 0.3 151h 0.5
2L .......... 9.2 0.3 2.3 0 0.3
253.......... 0.3 0.7 6.1 0.3 6.0
26.......... 2.1 1.2 0 2.1 6.0
273........... 1.1 1 12.3 0.1.
283.......... .. 0 0 .729....*9o h.. . -5 0 0.,5 3.9. 0
30 .......... 29.2 0,2 0.1 28.9 -2,0

31e......,... 1.3 * * 0 1.0
32 ......... 0.0 0 0 0 033 .... ...... ?n.o o.1 .0.1 7.h• 6.o
44 .... ..... 2 .2 0 o.L 1.2 0
35...... .... 1.1 1.1 3.h Lz .5
36 .. .... 6 9 0. ... 0. oo*o.L
37o**... ee b#. . , h 5 2;8 0 0.1 208
38.,......... o.6 0 0,,6 0.6 0.3

39 .......... 0.7 0 6.6 0.1 0
W.00000900... M. o, 1.4 0.5 0

1,



Appendix C

Table II-B.--PERC•F•TAN ICCE54 OF TRANSPORTATION COST
0C' ALTEF ;ATIVI', SOIJ'TIONS OVM

OPTIMUM (SIMPLE) SOLUTION
(Continued)

(In percent)

I I " - -I I II I i ll

SPCC ' ¥wced
'ordered VAM Preximity dFge dr#.

numbers oipmrnte mcthod method table denhe4

Ij.......... 1.1 0.3 2.0 0.4 1.1
L?.......... 5.6 o o 0 . .2

13... ....... 0.1 1j. 2.L * 2.8
LL ......... 11.9 0 a 0. -3.0
L5 .......... 0.1 0 0.1 0 -. 4
63.......... 3.9 0.7 3.8 *

0 0 2.6 0
.......... 0 0 0 0 0

0.......... 7.2 0 0 7.2
50 ......... 0. 0 o o.4

51 ......... o 0 0 0
52 .......... L,.6 0 0.6 0 2.4
53 .......... 0.1 0 0 0.1 0

S..........0 0 6.5 0.6
S.......... 0.9 2.1 6.11 0.9 2.1

5 .......... 0 0 1.2 0 2.1
57 .......... 0.3 0 0.3 0.3 0
50, .......... o0 0 0 0
59 .......... o0 0 0 0
60 .......... 0.3 3.L 2.2 0.3 3.4

61.......... 0.2 0 0.3 *
62 ....... 0 0 0 0 0
63 ........ 0 0 0 0 -0.1
6L ......... o.- 0.4 0.1; -2.2
65 .......... 10.2 0 0 10.2 0
66 .......... 3.1 0.3 3.2 3.1 6.5

0 0.3 0 0 -21.9
68.......... 0.1 0 0.4 0.1 1.3
69 .......... 0 0 3.3 0 -0.1
70*.. . 0 0 0 0 0

71. ........ 0.5 0 0.8 7.5 0
729....... 0 0 1.7 1.7 0

73 ... • * 04O. * *

7 .......... * 0 0 0 -2.3
75.•.....0 * * 0 009
76.9.s... 0 0 5.6 5.6 0

77eo*so 0 6.3 3.0 0 6.4
78......... 0 0 0.8 0.8 .3..

79?000* 0 0 0 0 0
0 0 0 005 a.



Appendix C

Table II-D.--fP'CRiACU XXCESa OF 7PARMPORTATIN COST
OF ALULNATIV SOLUTIONS OVLR

OPTIMUM (. k) SOLUTION
(Continued).

(In p0rcent)

SPOC Forced
Problm ordered -SL VAIi Proximity degeneracy
ntabers shilownts method method table ithod

0 0 1.0 0 0
82o...s...... 0 0 5.7 0 0
83, ....... 0 0 6.9 0 0

I ............ 0 0 0 0 0
S5o........o.. 0 0 0 0 0
86. ......... 0 0 0.1 0.1 0

07 .......... o 3.9 0 0 3.9
68. .... ., 0 0 0 0 0
P0000., 0 0 0.2 0 0

0 0 0 0 19.1

.9i...... 0 0 0 0 -0.5
02........ 0 0 0 3.6 0
93 .......... 0 0 0 0 0

9-ose*of 0 0 0 0 0
0 0 0 0 o
0 0 0 0 .0
0 0 0 0 0
0 0. 0.9 O.4i 0

o90......... 0 0 0.7 0 0
1o0,.., 0 0 0 0.1 0.8

2.60 O.15 1.60 1.95 o 0.o

V-S/'l1ght difftrences mcnq exist because of rounding.

* LAm" thAn 0.1 percent.

e5



APISDID.C.

TABU III-1 OC V)XIII TAiA&V

AR V (WET ODAST)

Conesigw. Zone I A Zone1I BA Zan*2A 2e 2 5

50 75 73 72 ?7 6  71 70 80 6 84 83 8e 90 8 61 91,

71 72 73 75 70 7• i76 60 848 3 88 9O 828 86 91 8-v

72 73 75 7h 76 71 70 80 86 8b 83 88 90 82 81 91 85

73 75 727b 76 71 70 80 86 8L 83 88 90 82 $1 n 85

7L 76 73 75 72 70 71 86 80 91 85 84 83 88 90 82 81

73 72 74 76 7170 8 68L 3 88 90M82 81 85

76 7 75 73 72 70 71 S6 80 SL 91 85 83 88-9 0 82 31

76 71 72 73 75 70 7.7 6  f P 83 88 90 82 81 86 91 85

Consignees iRF..A E (EAST Ca.ST)

81 82 90 88 63 6 80 918 5 66 70 75 73 72 74 70 71

e2 Fl910 88 83 8L 80 91 85 86 70 75 73 72 7b 76 71

83 8L b 90 80 8" 81 91.858 6 '70 75 73'72 74 76 71

0 f;O "V 8Z 81 Ql 85 86 70 75 73 72 U 76 71

85 91 8 83 M0 8 88 90 82 81 70 74 76 75 73 72 71

86 91 88 R83 80 88 908 681 70 74 76 75 73 72 71

m8 90 82 f3 81 68 80 91 85.86 70 75 737? 7b 76 71

90 68 82 el 83 84 80 91 65 86 70 75 73 72 7U 76 71 .

91 5 8L 83 80 86 88 90 82 81 70 74 76 75 73 72 71

VBWICCTINTm b.11O.35P 1 DEC. 1958.
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TABLa ni-2 MILUOE B .W N NAVAL ACTrVITI.IY

ARMI W (Wh16? ODA'ST)

•; ipeee •Zoe I Zone 2

50

71 78 72 75 73 70 74 76 80 8M 83 92 85 91 82 88 86 81 90

72 75 73 ?h 76 7071 78 80 84 83 9 82 W 85 91 81 90 86

73 75 72 7b 76 70 71 78 80 8b 839 2 91 85 82 88 86 81 90

7U 76 75 73 72 70 ?1 ?8 86 80 85 91, 8 83 9e 82 88.81 90

75 73 72 7h 76 70 71 78 80 8' 83 92 85 91 82 8886 81 9O

76 74 5 73 72 70 71 78 86 80 85 91 6L 83 92 82 8 681 90

78 71 72 75 73 70 766 80 8L 8392 85 91 82 86 88 81 90

C01osagn. AREA E (UAST COAST)

81 82 90 88•83 92 8S 60 S5 91 86 70 78 71 72 h 71; 73 76

8 81 90 8$ 83 92 0b 80 85 91 86 70 78 71 72 7 75 73 76

83 92 81, 8860 90 82 81 85 91 86 7078 71 71 72 7573 76

8L 65 02 80 FP q 82 91 65 81 86 70 78 71 72 74 75 73 76

85 91 80 8 86 83 92 8 90 82 81 70 74 76 78 71 75 73 72

86 85 91 80 L 83 92 88 90 82 81 70 74 76.78 71 75 73 72

e8 90 82 63 92 61 81 80 85 91 86 70 78 71 72 74 75 73 76

90 82 8 81 83 92 8L 80 85 91 6 70 78 71 72 74 73 75 76

91 85 80 8 86 83 92 88 90 82 81 70 7b 76 78 7i 75 73 72

se 83 84 88 80 90 82 81 85 91 86 70 78 74 71 72'75 73 76

•sble "OT- p. A39 A Evalufaton of .ldiw ti• t N O r Oe U9 91 34

ism o S. wsvonwusste Date 25 flue 1951..



TII 111-3 M=M n U WAD 3AUMM o I ATO MBV

AKAU V MWE COAST)

Conglem ZoneI Zoe 2

71 78 73 75 72"•7 76 7O 80 82 83 84 85 91 92 6 81 88 90

72 75 73 74 76 70 78?.1 0 82 8 884 $5.91 92 86 81 68 90

73 75 72 76 70 78 71 83 O 82 8 85 91 92 86 88 81 90

7h 76 72 73 75 70 78 71 8O 82 83 85 91 92 W88 86 El 90

75 72' 73 U 76 70 78 71 83 80 82 t 85 91 92 868 81 X

76 74 72 73 75 7U 78 71 80 82 83 94 65 91 92 88 86 81 90

78 71 73 75 72 74 76 70 80 82 831 8 85 91 92 68 86 81 90

Consioee. AML E (WT? COW?)

81 9082 8883 92 80 84 859166 70 7173 74 757678 72

,88 3 92 90 81 80 I8 5 91 86 71 72 73 74 75 78 76 70

F3. 68 82 90 8 92 85 91 80 81 86 i0 .71 72 73 7 .75 78 76

8L P5 91 P3 !r, 80 88 90 8 o el 86 7O 71 72 73 74 75 7P 76

65 91 86L 8&9) 2 86 82 88 90 81 70 71 72 73 7 75 78 76

86 85 91 80 63 92 88 82 90 81 84 70 72 73 75 71 7L 78 76.

8B 68 92 82 90 81 8, 80 85 91 86 70 7 U 775 71 76 78 72

90" 81 82 63 92 88 8L 80 85 91 86  70'71 73 h 75 76 78 72

91 85 84 80 83 92 86 82 88 90 81 70 71 72 73 7L 75 78 76

92 88 83 82 90 8h 65 91 80 81 86 70 71 72 73 7b1 75 78 76

0/Table $"S, p. '.37 ip Evaluation of" Redistarbution Depcsions for General Stores
M'erili Project NTOOiUiO, Sbub-projeat Lit 511-3# 1 Feb. 196.o
Mi fms igures usd to order above sequence were either rail m'
truek, whichever cheaper, prepared at Bayonne, N. J, by Navy
Cmtual Feisht CesGtl Oftfie 1 Jan. 19g5.

aoa Not available. 88



APPWDIX C

IV. Re•posontative Problems

These four problems represent an example of eaeh of the follewin s

Problem a. Outstandine improvement in reducing tranepertation.

Problem b. Small but important improvements in transporutatio.

Problem c. High degree of degeneracy.

Problem d. A large amiber of alternate solutions.

There are seven tables sho*m for each problem* They resent;

1, the transportation distance between activities with the exess and re-

quirement at each activity; 2. the SMC ordered shipmwnts; 3. the iglutiea

using the Simplex mthod; h. the solution using the SMALC method; 5. the

solution usine thu VAM method; 6. the solution using the present SkCC prex-

irnity rulue (solution 2 contains vwriations from clerical roview and this

solution ignores thtvse changes); and 7. the solution using forced &eencracy.

Problem a.

F.S.N. HF 2815-364-L345 Average monthly systucm domand 7.13
Nomen. Cover He Activities showing dtmaWd 10
Unit Price; l',15* A1

1. Transportation Table 2. SrCC Ordred
Conrignee 5hi~ments

Excess Consignor* 50 76 86 90 50 76 86 90

10 70 3163 9L0 1991 2506 70 10

7 71 3285 ULsO 3262 3320 71 7

18 74 2874 102 29n8 3336. 74 18

51 75 239L 591 3299 3380 75 13 28 10

18 82 5669 3371. 979 73 82 ,,

20 83 55558 3230 747 U47 83 16 4

1 85 5623 3122' 396 664 85 1

Recaroemnt 48 28 16 33 (Results 203,51p)

The result of the SPCC ordered .shipmenti Is expressed as the sam ot the nm.-

bar of anits X the distanee eack mvwed. Xe sbsequent method sbwb a -o.

sAlt saloaloted in the same manner.



3. jp1~ S olut 4 Ian 14. JSSHSea

Consignor 50 76 86. 90 50 76 86 9O

70 10 70 .0

71 7 71 7

74 18 74 18

75 48 3 75 i1 10

82 18 82 is

83 5 15 A3 5 15

85 1 85 1

(Result: 160,565) (Result: 160,873)

5. VA, Solution 6. •,ox•!t T*"

Consignee

Cons-ignor 50 76 86" pO 50 76 86 9g

70 10 70 7 3

71 7 71 7

74 18 74 18

75 23 28 75 48 3

82 18 02 18

83 5 15 83 15 5

85 1 85 1

(kc-suitt 178,351) (Result: 170,913)

90.



7,, Fozed DegenEracy Solotion

onsianor 5D 76 86 90

70 1

71 7

75 41i 2o

82 18

83 5 15

85

(Result: 162,W68)
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F*S.N. HF 2910-261.2778 AverAge MM Y optem dae•A 1
N mc6, -Nossle F Aet ivQsa IshWiO deauaM

Unit price $5.10 A t)

1. Transportation Tle 2. SPTb

Es' C nor 7L 75 63 74 75 83

50 71 1338 893 3136 71 50

18 73 495 8 3171 73 18

20 so 29h9 2963 187 80 20

60 86 2948 3299 747 86 60

10 90 3336 3380 214 90 10

RcguuE _Cent 68 60 30 (Results 279,630)

3. sjnvlcx solution 11. SMPAC outD

Consiene'e

Consignor 74 75 83 74 75 83

71 8 h2 71 8 142

73 18 73 18

80 20 80 20

86 60 86 60

90 10 90 10

(Remuat: 231,.1iL) (Reault: 23l1PIU)

5. VAM Solution 6.. •xtt Table

7L 75 83 7L 75 83

71 50 71 50

73 18 73 18

80 20 80 .20

86 30 30 86 60

90 10 90 10

Oteaut 1 57#10) (emat MAN



7. Forcod Degeneracy Solution

74 75 83

71 60

73

s0

86 30 30

90

P3,



Problem C.

F.S.N., HF 2910-336-9905 Average monthly system demand 6.75
Nomm. Hydrault Activitiews dwAM demand 8
Unit price 6141o65 1

1. Transportation Table 20 S.pec.ordere

Consignee

Excess Consignor 75 85 86 91 75 85 86 91

2 71 893 3201 3262 3203 71 2

15 72 30 3271 3339 3273 72 3 10 2

1 73 8 3236 3304 3238 73 1

2 74 h82 301L 2948 3016 74 2

L 76 591 3122 3056 3124 76 4

1 83 3166 4017 747 ,449 83 1

1 90 3380 664 964 666 90 1

Requirement 6 12 2 6 (Result; 600911)

3. SUMlex Solution Simplex (d)"(a- , b, c) "

75 85 86 91 75 85 86 91

71 2 71 2

72 6 9 72 6 7

73 1 73 1

714 2 714 2

76 4 76 2 2

83 1 83 1

90 1 90 1

(Results 58,764) (Results 58,764)

94'



.3. (cont) Simplex (e.f.g.h) 4. SAW, Solution

Consignee

Consignor 75 85 86 91 75 85 86 91

71 2 71 2

72 6 7 2 72 5 h 6

73 1 73 1

74 2 74 2

76 2 2 76 4

83 1. 83 1

90 1 90 1

(Result: 58,764) (Result: 58,777)

5. VAN Solution 6. Proxity Table
solutionConsignee -

Consignor 75 85 86 91 75 85 86 91

71 2 71 2

72? 6 5 2 2 72 5 4 2 1

73 1 73 1

7U 2 74 2

76 4 76 4

83 1 83 1

90 1 90 1

(Result: 59,032) .(esult, 59-045)



7. Forced Degenerasolution

Consirnee

Consignor 75 85 86 91

71 2

72 6 10

73

74 2

76

83

90

(Result: 57,64)



Probi!m d,

F.Sjli. )w 2815-125-8069 Aver"ae mthy GYtM demid
Nomen. Joint AS Aetiviti"e dWA 49 demand li
unit prioe 613.00 A

1. Tranmortation Table 2.S

r Consig~nee

Excess Consignor 85 88 91 85 88 91

102 74 )o14 3281 3016 .74 15 87

88 75 3231 3295 3233. 75 88

70 81 736 169 738 81 70

41 82 679 112 681 82 41

25 84 355 223 357 84 25

325 86 396 879 398 86 325

53 .90 664 97 666 90 53

Requirement 15 88 601 (Reemits 850,716)

3. ilxSimlex I(b) SIwlox (c),•ution (a),

85 88 91 85 88 91 858 91

74 15 87 74 102 74 102

75 88 75 15 73 75 88

81 70 81 70 81 15 55

82 18 23 82 18 23 82 33 8

8 84 25 84 25 84 25

86 325 86 325 86 325

90 53 90 53 90 53

(Remuit, 795,188) (R lto 795,188) (Re tsut 795#1"8)



£•M oz 85 .8 91 5s se f8

74 102 74 102 714 20

75 88 75 86 75 8

81 15 ?7 8 81 62 8 81 h? 2)

82 41 82 15 26 82 41

84 25 84 25 8 is5 10

86 325 86 325.6 2

90 53 90 53 905)

(Re•s•t 795,91) (Results 795,188) (eult, 7,eM)

simplex (g) Smlex (b)ai

85 8a 91 85 88 91 5568 91

7102 714 102 74 102

75 88 75 88 75 88

81 147 23 81 17 23 81 9 61

82 41 82 141 82 1

84 25 84 25 814 2.

86 .15 310 86 325 86 325

90 53 9015 38 5

(Remits* 795,188) (Result: . 795,188) (Rsloat. o ,M

'Se



I4. MWaz Solutif TAX !&EhIUM
Consiem

Consiuxw 85 88 91 85" 88 91

?4 102 74 10

75 88 7$ 15 73

$ 81 70 81 70

b 82. 35 6 82

8L4 15 10 84 25

66 325 86 325

90 53 90 18 35

(Results 795,188) (Relt 958188)

6. Proximity Table Solution 7. ,ored Dennf&U

85 88 91 85 48 91

7h 102 74& 102

75 88 75 88

81 70 81 70

82 35 6 82 35 6

86 325 86 325

90 53 90 53

F ~(Results 795,188) (Ru u 795,186)

r

z'"


